
ED 436 419

AUTHOR

TITLE

INSTITUTION
SPONS AGENCY

REPORT NO
ISBN
PUB DATE
NOTE
AVAILABLE FROM

PUB TYPE
EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUMENT RESUME

SE 063 000

Mitchell, Julia H.; Hawkins, Evelyn F.; Stancavage, Frances
B.; Dossey, John A.
Estimation Skills, Mathematics-in-Context, and Advanced
Skills in Mathematics: Results from Three Studies of the
National Assessment of Educational Progress 1996 Mathematics
Assessment.
American Institutes for Research, Washington, DC.
National Center for Education Statistics (ED), Washington,
DC.

NCES-2000-451
ISBN-0-16-050209-8
1999-00-00
283p.

Education Publications Center (Ed Pubs), U.S. Dept. of
Education, P.O. Box 1398, Jessup, MD 20794-1244. Tel:
877- 433 -7827 (Toll Free). For full text:
<http://nces.ed.gov/nationsreportcard>.
Reports Research (143)
MFO1 /PC12 Plus Postage.
Elementary Secondary Education; *Estimation (Mathematics);
*Mathematics Achievement; Mathematics Education; *Problem
Solving
*National Assessment of Educational Progress

This report presents information from three special studies
conducted as part of the National Assessment of Educational Progress (NAEP)
1996 mathematics assessment. It is intended primarily for mathematics
educators and others concerned with mathematics education, such as curriculum
specialists, teachers, and university faculty in schools of education. The
three studies reported here were designed to provide greater detail on how
students perform on particular types of mathematics questions. Studies
include the Estimation Study, the Study of Mathematics-in-Context, and the
Study of Students Taking Advanced Courses in Mathematics. The first study was
designed to explore students' skills in estimation and was implemented at
three grade levels. It concludes that although there has been significant
improvement in mathematics performance overall since 1990 at all grade
levels, the trend for student performance in estimation over the six years
since the inception of the Estimation Study of 1990 is less clear. The second
study was designed to assess problem-solving abilities within contexts that
allow students to make connections across mathematics content areas. The
Advanced study was administered at grades 8 and 12 and was designed to
provide students who were taking or had taken advanced courses in mathematics
an opportunity to demonstrate their full mathematical proficiency. (Contains
71 tables and figures.) (ASK)

Reproductions supplied by EDRS are the best that can be made
from the original document.



()4

\0()I
THE NATION'S

REPORT
CARD

U.S. Department of Education
Office of Educational Research and Improvement NCES 2000-451

SE
NATIONAL CENTER FOR EDUCATION STATISTICS

ESLYATION SIC IS5,

TH3MATHCS-IN-CON
ADVANC70 S

_N MATT-EMETICS
Results from Three Studies of the

National Assessment of Educational Progress
1996 Mathematics Assessment

U S DEPARTMENT OF EDUCATION
Office of Educational Research and Improvement
DUCATIONAL RESOURCES INFORMATION

CENTER (ERIC)
This document has been reproduced as

ceived from the person or organization
originating it

Minor changes have been made to
improve reproduction quality

Points of view or opinions stated in this
document do not necessarily represent
official OERI position or policy

BEST COPY AVAILABLE

Rae+

2



Mott fiz Mae Maa Mona9z EIReppoirC Caan-all?

THE NATION'S REPORT CARD, the National Assessment of Educational Progress (NAEP), is the only nationally representative and
continuing assessment of what America's students know and can do in various subject areas. Since 1969, assessments have been
conducted periodically in reading, mathematics, science, writing, history/geography, and other fields. By making objective information on
student performance available to policymakers at the national, state, and local levels, NA EP is an integral part of our nation's evaluation
of the condition and progress of education. Only information related to academic achievement is collected under this program. NAEP
guarantees the privacy of individual students and their families.

NAEP is a congressionally mandated project of the National Center for Education Statistics, the U.S. Department of
Education. The Commissioner of Education Statistics is responsible, by law, for carrying out the NA EP project through competitive
awards to qualified organizations. NA EP reports directly to the Commissioner, who is also responsible for providing continuing
reviews, including validation studies and solicitation of public comment, on NAEP's conduct and usefulness.

In 1988, Congress established the National Assessment Governing Board (NAGB) to formulate policy guidelines for
NAEP. The Board is responsible for selecting the subject areas to be assessed from among those included in the National
Education Goals; for setting appropriate student performance levels; for developing assessment objectives and test specifications
through a national consensus approach; for designing the assessment methodology; for developing guidelines for reporting and
disseminating NA EP results; for developing standards and procedures for interstate, regional, and national comparisons; for
determining the appropriateness of test items and ensuring they are free from bias; and for taking actions to improve the form and
use of the National Assessment.
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This report presents information from three special studies conducted as part of the National
Assessment of Educational Progress (NAEP) 1996 mathematics assessment. For more than a
quarter of a century, NAEP has been the only nationally representative and continuing
assessment of what students in the United States know and can do in various academic subjects.
Each NAEP assessment is guided by a framework that specifies important learning outcomes in
that subject area; the 1996 mathematics framework was an enhancement of the one used for the
mathematics assessments in 1990 and 1992. The goal of the new framework was to define a 1996
assessment that would: (1) more adequately reflect current curricular emphases and objectives,
and yet (2) maintain a connection with the 1990 and 1992 assessments to measure trends in
student performance.'

In addition to the main NAEP assessment, NAEP periodically conducts special studies
focused on areas of interest to educators and others. Topics for some of these studies arise as a
result of how students performed on NAEP; others are generated simply from research questions
about teaching, learning, and assessment of student achievement. This report focuses on studies
in mathematics; special studies have also been conducted in, for example, reading and writing.

LIDGagypoze atm& kagaUtlemee gaDo° allae IlRenvog.tt

This report is intended primarily for mathematics educators and others concerned with
mathematics education, such as curriculum specialists, teachers, and university faculty in schools
of education. The three studies reported here were designed to provide greater detail on how
students perform on particular types of mathematics questions. They include: the Estimation
Study; the Study of Mathematics-in-Context, which will be referred to as the Theme Study; and
the Study of Students Taking Advanced Courses in Mathematics, which will be referred to as the
Advanced Study. The Theme Study and the Advanced Study were administered for the first time
in 1996. The Estimation Study, on the other hand, had been administered twice before, in 1990
and 1992.

For a more in-depth description of the 1996 mathematics framework and how it guided the development of cognitive items,
see the following: National Assessment Governing Board (1996). Mathematics framework for the 1996 National Assessment of
Educational Progress. Washington, DC: Author; Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 1996
mathematics report card for the nation and the states. Washington, DC: National Center for Education Statistics.

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics ii
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The first study was designed to explore students' skills in estimation. It was implemented at three
grade levels and was the only one of the studies that provided trend information. Findings from
the Estimation Study include the following:

o Although there has been significant improvement in mathematics performance overall
since 1990 at all grade levels, the trend for student performance in estimation over the
6 years since the inception of the Estimation Study in 1990 is less clear.

o Student performance in Estimation at grades 4 and 12 was stronger in 1996 than
in 1990.

o Student performance in Estimation at grade 8 appears to be level across the 3 years of
the assessment.

The Theme Study was administered at three grade levels and was designed to assess
problem-solving abilities within contexts that allow students to make connections across
mathematics content areas. Findings from the Theme Study include:

o At the fourth-grade level, with the exception of the first problem, most students
attempted to answer the questions posed, even though large percentages produced
responses that were scored as "incorrect." Although not definitive, this may be
evidence that the thematic context of the block of questions encouraged students'
attention to the task of solving problems, even ones that proved to be difficult for
most students.

o At grade 8, unlike grade 4, many students did not attempt to answer the more
complex questions that required them to write explanations or apply concepts in
problem settings.

o The response rate to the Theme questions at grade 12 was somewhere between the
rates observed for grades 4 and 8, with most questions being attempted by at least
90 percent of the students.

o At all grade levels, students appear to have difficulty with complex multistep problems,
even those that require only simple computational skills at each step of the problem.

o At all grade levels, many students seemed to lack the mathematical knowledge needed
to solve problems. Other students, however, appeared to understand the underlying
mathematics but provided incorrect or incomplete responses as a result of carelessness,
inexperience in writing out solutions to problems, or confusion over the wording of
the question.

o At all grade levels, no positive relationship was seen between the frequency with which
students engaged in writing a few sentences about how to solve a mathematics
problem, or writing reports or doing mathematics projects, and student performance on
the Theme blocks.
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The Advanced Study was administered at grades 8 and 12 and was designed to provide
students who were taking or had taken advanced courses in mathematics an opportunity to
demonstrate their full mathematical proficiency. Findings from the Advanced Study include:

o Students participating in the Advanced Study differed from those who did not
qualify for the study in that they tended to come from homes providing a stronger
educational context, both in materials and in level of parental education. In addition,
based on their participation in Title I programs or qualification for the federal
Free/Reduced-Price Lunch program, fewer Advanced Study students appeared to
come from low-income homes.

o As would be expected, students at both grade levels who met the criterion for inclusion
in the Advanced Study performed substantially better than other students on the main
NAEP mathematics assessment.

o The results show that Advanced Study questions were quite difficult, even for students
who were taking the more challenging mathematics courses that were prerequisite for
participation in the study. Overall performance, measured by average percentage
correct, was 36 percent at grade 8 and 30 percent at grade 12. At both grade levels,
moreover, most of these students were unable to solve problems that required two or
three successive steps to achieve the desired result.

o At grade 12, students who were currently taking mathematics or who were, or had
been, enrolled in an Advanced Placement (AP) mathematics course outperformed
students in the study who were not currently taking a mathematics course or who
had not taken an AP course in mathematics.

Mate 11000 IMETID Maagaeiraaarlgez kozezommeoart
To provide a context for the special studies that are the focus of this report, the following
sections give additional information about the NAEP 1996 mathematics assessment and about
the manner in which the design and execution of the special studies relate to the main
mathematics assessment.

13
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The NAEP mathematics framework encompasses three cross-cutting domains: a content domain,
a domain of mathematical abilities, and a domain of mathematical power. The content domain
has five strands: Number Sense, Properties, and Operations; Measurement; Geometry and Spatial
Sense; Data Analysis, Statistics, and Probability; and Algebra and Functions.' The domain of
mathematical abilities describes the nature of the knowledge or processes that are involved in
successfully handling mathematical tasks or problems; it includes Conceptual Understanding,
Procedural Knowledge, and Problem Solving. The domain of mathematical power refers to
students' ability to reason, to communicate, and to make connections of concepts and skills
across mathematics strands, or from mathematics to other curricular areas. Figure 1.1
summarizes the structure of the framework for the NAEP 1996 mathematics assessment.

Figure
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SOURCE: National Assessment Governing Board, Mathematics Framework for the 1996 National Assessment of
Educational Progress.

The content strand Number Sense, Properties, and Operations was called Numbers and Operations in the 1990 and 1992
assessments. The content strand Geometry and Spatial Sense was called Geometry in the 1990 and 1992 assessments.
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The development of the questions for the special studies, although guided by the
1996 NAEP mathematics framework, naturally focused on the goal of each individual study.
Questions for the Estimation Study cut across the five content strands, but the main intent was to
assess estimation skills. Questions for the Theme Study tended to emphasize problem-solving
abilities within the context of real-life types of experiences. Finally, questions for the Advanced
Study tended to include more content in Algebra and Functions than did questions in the main
NAEP assessment.

In addition to cognitive achievement questions, student assessment booklets for the
special studies contained blocks of background questions. The background questions asked
students to provide information about themselves, their classroom instruction, and their
motivation to expend effort on the assessment. Teachers and school administrators of students
participating in NAEP also responded to background questionnaires. Teachers provided
information about their education, professional careers, curricular practices, and instructional
approaches, as well as the resources available to them for teaching mathematics. School
administrators answered questions about school policies and practices.

OaarinallDllez

The NAEP 1996 mathematics assessment was conducted nationally at grades 4, 8, and 12.
As mentioned earlier, both the Estimation Study and the Theme Study also were conducted at
grades 4, 8, and 12, while the Advanced Study was conducted at grades 8 and 12 only. Students
for the Estimation and Theme Studies were selected through the same sampling design as
students for the main NAEP assessment and were representative of all U.S. public and nonpublic
school students.3 Students selected for the Advanced Study were representative of students who
had taken, or were enrolled in, more advanced mathematics courses. Specifically, to qualify for
the Advanced Study, eighth-grade students had to be currently enrolled in, or already have taken,
first-year algebra or a more advanced course in mathematics; and twelfth-grade students had to
be currently enrolled in, or already have taken, a pre-calculus or pre-calculus-equivalent course
or a more advanced course such as calculus.

Following the model of the main NAEP data collection, school administrators of students
participating in the special studies were surveyed at all grade levels, but mathematics teachers of
participating students only were surveyed at grades 4 and 8. The exception was the Advanced
Study, which included surveys of grade 12 mathematics teachers.

See Appendix A for detailed information on sample selection.

1,t
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Student performance on NAEP assessments has been reported using a variety of measures.
Results for the main NAEP mathematics assessment are reported using the NAEP composite
mathematics scale, which summarizes performance across five separate subscales one for
each of the five content strands. In addition to the NAEP mathematics scale, results also are
reported using the mathematics achievement levels as authorized by the NAEP legislation' and as
adopted by the National Assessment Governing Board. The achievement levels are performance
standards based on collective judgments about what students should be expected to know and to
do. Viewing students' performance from this perspective provides some insight into the adequacy
of students' knowledge and skills and the extent to which they achieved expected levels of
performance. The Board reviewed and adopted the recommended achievement levels derived
from the judgments of a broadly representative panel that included teachers, education
specialists, and members of the general public.

For each grade tested, the Board has adopted three achievement levels: Basic, Proficient,
and Advanced. For reporting purposes; the achievement level cut scores for each grade represent
the boundaries between four ranges on the NAEP mathematics scale: below Basic, Basic,
Proficient, and Advanced. The generic policy definitions of the achievement levels are shown
below in Figure 1.2. The text of the descriptions of expected mathematics performance at each
achievement level at each grade can be found in the NAEP 1996 Mathematics Report Card.5

Figure Policy Definitions of NAEP Achievement Levels

THE NATION'S
REPORT

CARD
GiVap

Basic

Proficient

Advanced

This level denotes partial mastery of prerequisite knowledge and skills that
are fundamental for proficient work at each grade.

This level represents solid academic performance for each grade assessed.
Students reaching this level have demonstrated competence in challenging
subject matter, including subject-matter knowledge, application of such
knowledge to real-world situations, and analytical skills appropriate to the
subject matter.

This level signifies superior performance.

SOURCE: NAEP 1996 Mathematics Report Card for the Nation and the States.

The National Education Statistics Act of 1994 requires that the National AssesSment Governing Board develop "appropriate
student performance levels" for reporting NAEP results.

5 Reese, et al., (1997). op. cit.
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The NAEP legislation requires that the achievement levels be used on a developmental
basis until the Commissioner of Education Statistics determines, as the result of a Congressionally
mandated evaluation by one or more nationally recognized evaluation organizations that the
achievement levels are "reasonable, valid, and informative to the public." Upon review of the
available information, the Commissioner of Education Statistics agrees with the recent
recommendation of the National Academy of Science that caution needs to be exercised in the
use of the current achievement levels, since in the opinion of the Academy "... appropriate
validity evidence for the cut scores is lacking; and the process has produced unreasonable
results." 6 Therefore, the Commissioner concludes that these achievement levels should continue
to be considered developmental and should continue to be interpreted and used with caution. The
Commissioner and the Governing Board believe that the achievement levels are useful for
reporting on trends in the educational achievement of students in the United States.

merpoiratigao mezoilao goo- glace Orpeeilaall Olzaaalla®z

None of the special study assessment questions contributes to the NAEP composite mathematics
scale. However, in 1990, the first year the composite scale and its component subscales were
used, a separate scale was established that summarized performance on questions used in the
Estimation Study. Each scale was constructed separately, and the metrics of the scales are
arbitrary. Therefore, although each scale ranges from 0 to 500 across the three grade levels
assessed, it is not possible to conclude that a student who performed at level 300 on the
estimation scale, for example, and one who performed at level 300 on the main mathematics
scale had both mastered the same proportion of their respective content domains.' The value of
the estimation scale, like the value of the composite scale, is that it allows for trend analysis
across years as well as making it possible to report the results using achievement levels.

The results from the Advanced Study and the Theme Study did not lend themselves to
either the development of separate proficiency scales or equating to the main NAEP mathematics
scales.8 Consequently, the overall results from the Theme Study and the Advanced Study are
reported simply in terms of the percentages of questions that students answered correctly. Student
performance on individual items also is highlighted for each of these studies.

Pellegrino, J. W, Jones, L. R., & Mitchell, K. J. (Eds.). (1999). Grading the nation's report card: Evaluating NAEP and
transforming the assessment of educational progress. Committee on the Evaluation of National and State Assessments of
Educational Progress, Board on Testing and Assessment, Commission on Behavioral and Social Sciences and Education,
National Research Council. (p. 182). Washington, DC: National Academy Press.

' In the initial year of use, each scale was set to have a mean of 250 and a standard deviation of 50.

8 See Appendix A for more detail.
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Each special study is presented in a separate chapter. The second chapter of this report describes
the Estimation Study, the third chapter depicts the Theme Study, and the fourth chapter
characterizes the Advanced Study. This report also includes two appendices. The first provides
additional information on the procedural and technical aspects of these special studies, and the
second includes standard error tables for the data presented in the body of the report.
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Estimation is a process whereby one approximates, through rough calculations, the worth,
size, or amount of an object or quantity that is present in a given situation. The approximation,
or estimate, is a value that is deemed close enough to the exact value or measurement to answer
the question being posed. Beginning with recommendations issued in 1975, estimation has been
seen as an important, even necessary, daily living skill that all students should have, whether
they are working with paper and pencil, doing mental mathematics, or using technology.'
Estimation is now viewed as a necessary component of the school mathematics curriculum.

Estimation in the school curriculum can range from making quick ad hoc estimates to
applying "rules of thumb." "Rule of thumb" operations include the application of mental
checkmarks to a situation; for example, knowing that the circumference of a circle is slightly
larger than 3 times the diameter. Other examples of estimation strategies include:

O adding only the leading digits to approximate the sum of a long column of numbers
that all have the same number of digits (e.g., approximating the sum of
23 + 74 + 81 + 19 + 37 as 2 + 7 + 8 + 2 + 4 or about 23 tens, or 230);

o using compatible numbers for proportional problems (e.g., approximating the number
of cups of oats that are needed to make 12 cups of granola, given that 1% cups of oats
are needed to make 5 cups, by reasoning that it takes about 2 cups of oats for 6 cups
of granola, so it will take about 4 cups for 12); and

o breaking or separating an uncommon shape into parts with known attributes to
approximate a quality of the less common shape (e.g., approximating the area of
an irregularly shaped region by separating it into 8 squares, each of which has an
area of 4 square centimeters, and computing the area of the region as 8 x 4, or
32 square centimeters).2

2

National Advisory Committee on Mathematical Education. (1975). Overview and analysis of school mathematics: Grades
K-12. Washington, DC: Conference Board of the Mathematical Sciences; National Council of Supervisors of
Mathematics. (1978). Position paper on basic mathematical skills. The Mathematics Teacher, 71, pp. 147.452; National
Council of Teachers of Mathematics. (1980). An agenda for action. Reston, VA: Author; National Council of Teachers of
Mathematics. (1989). Curriculum and evaluation standards for school mathematics. Reston, VA: Author.

Reys, B. (1988). Estimation. In Thomas R. Post (Ed.), Teaching mathematics in grades K-8. (pp. 262-284). Newton,
MA: Allyn & Bacon, Inc.
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The importance of estimation in the school curriculum was acknowledged in 1986 when
the National Council of Teachers of Mathematics (NCTM) devoted its annual yearbook to the
topic.' The NCTM also featured estimation as a central area within the Curriculum and
Evaluation Standards in 1989.4 Estimation is seen as a central mathematical process
applicable across a wide range of mathematical content areas, including all five of the NAEP
content strands: Number Sense, Properties, and Operations; Measurement; Geometry and
Spatial Sense; Data Analysis, Statistics, and Probability; and Algebra and Functions.

[Design of the EsagmeattlIenta Ortata Ugy

It is because of the acknowledged importance of estimation that, since 1990, the national
NAEP mathematics assessment has included blocks of questions focused on this topic. State
data, however, were only collected in the 1992 Estimation Study.5 The Estimation blocks
include questions that require students to make estimates in a wide range of mathematical
settings, from problems involving basic numeric operations to questions assessing students'
knowledge of chance and growth. Some questions also require students to make use of spatial
estimation skills, such as looking at pictures of dots in a region or marbles in a jar and making
numerical estimates of the total.

Unlike the blocks in the main mathematics assessment or either of the other special
studies, the Estimation blocks are administered using a paced audio tape. That is, students are
paced through the Estimation Study questions by an audio tape that moves students along as
they read and respond to the questions. This mode of administration is intended to minimize
the time students have available to make actual computations or to give undue consideration to
one question over another within the block. The test developers hope thus to increase the
probability that students will actually use their estimation skills to respond to the questions.
Furthermore, the paced audio tape reads the questions to the students, facilitating access to the
problem's for students with limited reading skills.

Because of these differences in administration procedures, the 1996 Estimation blocks
were presented to students in separate test booklets rather than being randomly spiraled with
the blocks from the main assessment. There was a separate Estimation booklet for each grade
level, each containing three blocks of cognitive questions. The first block consisted of
non-estimation questions taken from the main assessment. The second block (also referred to as
the trend block) was based on the Estimation block used for that grade level in 1990 and 1992.
Although some questions in the trend blocks were modified to improve their measurement
characteristics, care was taken to maintain a sufficient core of unmodified questions from
previous assessments to ensure the integrity of the trend data.

3 Schoen, H., & Zweng, M. (Eds.). (1986). Estimation and mental calculations: The 1986 Yearbook of the NCTM. Reston,
VA: National Council of Teachers of Mathematics.

National Council of Teachers of Mathematics. (1989). op. cit.

Results from the state administration of the 1992 Estimation Study can be found in the following publications: Mullis,
I. V. S., Dossey, J. A., Owen, E. H., & Phillips, G. W (1993). NAEP 1992 mathematics report card for the nation and the
states. Washington, DC: National Center for Education Statistics; National Center for Education Statistics (1993). Data
compendium for the NAEP 1992 mathematics assessment of the nation and the states. Washington, DC: Author.
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The third block in each booklet contained new estimation questions written for the
1996 assessment. In contrast to the trend blocks, the new Estimation blocks utilized
constructed-response as well as multiple-choice questions, and they also included questions
that were designed to assess students' ability to distinguish between situations in which it is
more appropriate to over- or underestimate. In addition, the new blocks were written
specifically for each grade level, whereas the trend blocks included a great deal of overlap
across grades. As shown in Table 2.1, nearly half of the trend questions were used across all
three grades, and, among the remaining questions, only those for grade 4 were unique. All of
the questions in the new blocks, on the other hand, were unique to the grade level for which
they were written.

Table &Al
F996 EsOrnagan Viueallans by Grade

gave§ and [Mack

THE NATION'S
REPORT

CARD

@Jab 11Gal

Only 4 Only 8 Only 12 4-8 4-8-12 8-12

Trend 10 0 0 0 10 12

New 13 15 16 0 0 0

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Unfortunately, unlike the Theme Study and Advanced Study questions, which are discussed in
later chapters of this report, none of the Estimation Study questions have been released to the
public. This is because the number of Estimation Study questions is limited, and NAEP
expects to readminister them in future NAEP assessments in order to continue to track trends
over time. A few mock questions, based on actual assessment questions, were written for this
report to provide the reader with a sense of the kinds of questions included in the Estimation
blocks. The following paragraphs and mock questions provide a description of the content of
the Estimation Study.
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As shown in Table 2.2, multiple-choice questions predominated at each grade level,
despite the introduction of some constructed-response questions in the new blocks written for
the 1996 assessment.

Table LSOU
996 Estimation Osestions, by Grade &eve§ and

uestion Type

THE NATION'S
REPORT

CARD

Multiple Choice Constructed Response Total

Grade 4 30

31

38

3

6

0

33

37

38

Grade3

Grade IJ

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

The Estimation Study questions drew upon content from each of the five strands
identified in the NAEP mathematics framework. However, as can be seen in Table 2.3, content
from the Number Sense, Properties, and Operations strand and the Measurement
strand predominated.

Mt Estimation Civesti ns, by Gra
Content Strand

THE NATION'S
e Levey and REPORT

CARD

Number Sense,

Properties,

and Operations Measurement

Geometry and

Spatial Sense

Data Analysis,

Statistics, and

Probability

Algebra

and Functions

Grade q 21 9 0 3 0

20 9 2 4 2Grade E3

15 13 1 3 6Grade X23

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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In addition to questions in which the correct response was an actual estimate of the
quantity posed, some questions asked students to indicate an appropriate method for arriving at
an estimate, to identify the one response that could not satisfy the specified conditions, or to
label possible responses as being either "reasonable" or "unreasonable" estimates. Some
questions emphasized visual, or "sight" estimation, and a few required knowledge of whether
over- or underestimation would be more prudent under a range of specified circumstances. In
general, the questions designed for the higher grade levels exhibited increased complexity; for
example, they required the combination of more facts or factors, involved more complex
concepts or operations, or were presented in more general or abstract settings.

Number Sense, Properties, and Operations
Questions involving estimation that were classified in the Number Sense, Properties, and
Operations strand required students to estimate quantities such as the following:

o the result of a single mathematical computation;

o the largest or smallest among the results of different arithmetic operations based on
the same numbers;

o a number rounded to a specified decimal place value;

o the approximate total cost of several purchases;

o the total monetary value of several piles of coins;

o the amount of material needed for several articles, given the amount of material
needed for one;

o the number of offspring after several cycles of reproduction;

o the number of individuals in a subgroup, given information about the size of the total
group and the percentage represented by the subgroup;

o the mean score on a group of tests, given information about the number of tests and
the minimum and maximum scores;

o the number of persons present at the end of a sequence of events in which people
both come and go; and

o the number of words on a typewritten page, given an enlarged image of a portion of
the page.
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In addition to whole numbers, questions in this content strand involved fractions,
decimals, money (including groups of coins), and time. At grade 12, exponents and roots also
were included. A mock Number Sense, Properties, and Operations question similar to those
that were asked of eighth-grade students is presented below. (As noted earlier, no Estimation
Study items were released to the public, so the items shown in this chapter are not actual
NAEP items.)

As they were riding along a highway, Chris and Lee noticed that all of the cars in the
opposite lane were stopped due to road construction. Driving at an average speed of
48 miles per hour, it took Chris and Lee 11 minutes to get from the beginning of the
stopped cars to the end. If the average length ofa car is 20 feet, show how you could
round the numbers and compute in order to estimate how many cars were stopped in
the opposite lane. (1 mile = 5,280 feet)

Not an operational NAEP question

This question is relatively difficult because it requires more than one operation or
comparison to reach a solution, whether or not the computational burden is reduced through
appropriate rounding. Students also need to understand the relationship between time,
distance, and rate in order to arrive at a correct solution.

One possible solution to this problem follows. However, because different students
might approximate or round the values in different ways, credit must be based on appropriate
identification and application of a solution strategy rather than a specific numeric outcome. For
example, some students might approximate 11 minutes as 1/6 of an hour rather than 1/5 of an
hour. Similarly, since the number of place values was not specified, the number of feet per mile
might well be rounded up to 5,300 rather than down to 5,000.

One p ssible s !talon

48 mph is almost 50 mph and 11 minutes is about + hour, so the length of the

stopped traffic is about 50 x 1 or 10 miles. Since 5,280 feet rounds to 5,000, the5

5000)number of cars stopped is approximately 10(which is 2,500.
20
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Measurement
Questions about estimation that were classified in the Measurement strand involved estimates

of quantities such as the following:

o the length, in centimeters or inches, of an object shown to actual size;

o the relationship between readings of numbers on two different vertical scales;

o the number of objects that can be held in a one-quart container, given the number

that fit into a one-cup container;

o the number of smaller objects that could be drawn into the interior of a larger object

of the same shape;

o the length of a specified path between two points, given information about the shape

of the path and the straight-line distance between the two points;

o the time difference between travel on two different routes, given rates and graphs

drawn to scale for each route;

o the area of an irregularly shaped object, given a basic square unit of measure; and

o the area of an irregularly shaped object, given information about the dimensions of

two rectangles, one larger and one smaller than the object.

A mock Measurement question similar to those that might have been asked of
fourth-grade students is presented below.

'nKim's House

4:11\ Playground

Kim rides her bicycle from her house to school, then from school to the playground,
and finally back home. She travels a total of 12.1 miles. About how many miles
apart are the playground and the school?

CD 4 miles

C:). 5 miles

C) 7 miles
2 5

Not an operational NAEP question
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The correct response is Option B, 5 miles. To answer the question, a student might read
the graphic representation of Kim's journey, subtract the mileage for each of the two labeled
segments from the total mileage for the journey, and round the answer to whole miles. If a
student rounded all of the mileage values before doing the computations, the same numeric
answer would be obtained. Alternatively, a student simply might reason from the picture that
the third side is slightly longer than the side measuring 4.2 miles; hence, the answer must be
5 miles. (As noted earlier, all of the Estimation Study questions were presented via audio tape
in order to establish the pace for the assessment and discourage students from undertaking
precise calculations.)

Geometry and Spatial Sense
Only a few of the questions in the Estimation blocks tapped content classified as Geometry and
Spatial Sense. Those that did required students to estimate the size of angles, given either a
visual representation or information about the size of other angles in the same figure.

Data Analysis, Statistics, and Probability
Questions involving estimation that were classified in the Data Analysis, Statistics, and
Probability strand all required the students to make estimates based on data presented in
graphic or tabular format. Examples of the types of values they were asked to estimate include
the following:

the approximate value of a data point on a graph;

the median of several values presented in a bar graph;

which of two politicians performed best overall, given a tabular display of votes
earned in each of several election districts; and

the slope of the line that best fits data in a scatter plot.

An example of a Data Analysis, Statistics, and Probability question similar to those that
might have been asked of twelfth-grade students follows.
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MONTHLY COSTS FOR TELEPHONE CALLING OPTIONS
AT PHONEBELL TELEPHONE COMPANY

Calling Option Cost per Month
Call Blocking $4.04

Call Forwarding $2.30
Call Waiting $4.59

Caller ID $6.55
Caller ID Deluxe . $7.50

The table above shows the monthly costs for certain calling options offered by Phonebell
Telephone Company. Stephan chooses the following options: call blocking, call waiting,
and caller ID. Approximately how much would Stephan pay over a 6-month period for
these options?

CD $15

C.) $35

© $90 Not an operational NAEP question

The correct answer is Option C, $90. Students would need to use the tabular data
display to locate the monthly costs of the three specified options, sum them, and then multiply
by six to obtain the 6-month total. These computations would be facilitated by using leading
digits to sum the costs or by rounding the costs of the options before beginning. However, given
the magnitude of the differences between response options, adept students would not have to
perform any computations. They could see very quickly that only Option C was large enough to
represent a plausible 6-month cost for three options, the cheapest of which costs more than
$4.00 per month.

Algebra and Functions
Questions about estimation that were classified in the Algebra and Functions strand occurred
only at grades 8 and 12. They required students to estimate quantities such as the following:

O the cube root of a four-digit number;

O the solution to a linear equation with decimal coefficients; and

O the value of a trigonometric function of a fractional number of radians, given a graph
of the function.
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aDtrereaaUll perfformame on the NAEP mathematics scale
The tables that follow contain information on student performance on the NAEP Estimation
Study over the past three assessments. The first table, Table 2.4, also includes performance
data from the main NAEP mathematics assessment. These data show that, for all three grades
on the main mathematics assessment, there was a pattern of continuous improvement between
1990 and 1992 and between 1992 and 1996 (although the improvement at grade 12 between
1992 and 1996 was not statistically significant). The trend for student performance on the
Estimation Study, however, is not so clear. In part, this may reflect the smaller number of
estimation items in the assessment, and the correspondingly greater error of measurement.
In any event, student performance in Estimation at grade 8 appears to be level across the three
years of the assessment, while performance at grades 4 and 12 was stronger in 1996 than
in 1990.

In reviewing these data, it is important to remember that, because the Estimation
Study was scaled separately from the main assessment, it is not appropriate to make direct
comparisons of the average scale values obtained in a given year across the two scales. On
the other hand, the Estimation Study scale, like the scale used for the main assessment, is a
cross-grade scale. This means that all three grades are portrayed on a single scale, and it is
possible to obtain rough estimates of the performance differences across grade levels.

Average Scale Scores for National NAEP
and Estimation Studies, Grades 4, 8, and 12

THE NATION'S
REPORT

CARD

Assessment Year

Average Overall

Scale Score in

Mathematics NAEP

Average Estimation

Scale Score

Grade
1996 224 *t 206*
1992 220* 208*
1990 213 200

Grade
1996 272 *t 270
1992 268* 271
1990 263 269

Grade U
1996 304* 297*
1992 299* 294
1990 294 292

1

* Significant difference from 1990.

t Significant difference from 1992.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and
1996 Mathematics Assessments.
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Other findings relate to Estimation proficiency and student
characteristics
Table 2.5 contains information from analyses made of the relationship between students' 1996
performance on the Estimation Study and their background characteristics. At grades 4 and 8,
males and females performed about the same, while twelfth-grade boys outperformed
twelfth-grade girls. At all three grades, White students and Asian/Pacific Islander students
outperformed Black and Hispanic students. On average, students whose parents had at least
some education after high school had higher scale scores than those whose parents did not
finish high school, while at grades 4 and 12, students whose parents had a high school
education also outperformed those who reported that their parents did not finish high school.
Finally, students who did not participate in Title 1 and were not eligible for the federal
Free/Reduced-Price Lunch program performed better than those who did participate or were
eligible for these programs.

Data from earlier years are not included in Table 2.5 because there were few significant
changes in subgroup performance in Estimation over the 6-year span from 1990 to 1996. The
two significant changes that were observed were in the performance of males at grade 12
(where performance increased from 296 in 1990 to 303 in 1996) and in the performance of
fourth-grade White students (where performance increased from 208 in 1990 to 216 in 1996).6

6 The sources of these data are the 1990 and 1996 NAEP mathematics assessments.
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Table

THE NATION'S

Scale Scores in Estimation by Background Variables, REGARD
Grades 4, 8, and 12, 1996

Gender

Average 53:figko2

Grade 4 Grade 8 Grade 12

Males 209 272 303*t
Females 203 268 292

Students who Indicated Their
Race/Ethnicity as...

White 216* 278 303
Black 181 246 276

Hispanic 183 253 279
Asian/Pacific Islander 213! 271 318

American Indian *** * * * ***

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 179 257 275

Graduated From High School 203 262 289
Some Education After High School 213 275 291

Graduated from College 217 278 306
I Don't Know 197 253

Students who Attend...
Public Schools 204 269 295

Nonpublic Schools 221! 278! 308!

Title I Participation...
Participated 178 248 271!

Did Not Participate 217 273 298

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 183 254 273
Not Eligible 217 276 299

Information Unavailable 218 275! 304

* Significant difference from 1990.

t Significant difference from 1992.

***Sample size is insufficient to permit a reliable estimate.

Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table 2.6 presents data on students' average Estimation scores at different percentile
levels for 1990, 1992, and 1996. Here also, little change has occurred since 1990. At grade
4, students at the median and above have made progress since 1990. No significant changes
have taken place at grade 8. At grade 12, there has been some improvement for students at the
low end of the distribution the 10th percentile. These data indicate that the pattern of
limited or no improvement noted earlier for performance on the Estimation Study questions is
fairly widespread across the full range of student performance, with the possible exception of
students at the upper end of the grade 4 distribution.

Average Scale Scores in Estimation at Different
Percentile Levels, Grades 4, 8, and 12

THE NATION'S
REPORT

CARD

Assessment

Year

10th

Percentile

25th

Percentile

50th

Percentile

75th

Percentile

90th

Percentile

Grade

1996 153 180 208 235* 256*
1992 160 184 210* 234* 253
1990 158 178 200 223 243

Grade
1996 232 251 272 290 304
1992 233 251 272 291 306
1990 232 249 269 288 305

Grade '0'73
1996 259* 278 298 317 333
1992 258* 276 295 314 328
1990 252 273 295 313 327

1

* Significant difference from 1990.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and

1996 Mathematics Assessments.
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Along with the development of the NAEP Estimation Study score scale, Advanced, Proficient,
and Basic achievement levels also were established for the estimation questions. These
achievement levels were first reported in 1990 and were used again, though in slightly
modified form, in 1992 and 1996.7 This section includes information on the percentages of
students scoring at or above the achievement levels set on the Estimation Study questions.

The data, presented in Table 2.7, reflect much the same picture as was seen in the
earlier proficiency scale results that is, there has been little change since 1990. The only
area where a significant increase in student achievement appears to have taken place is at the
fourth-grade level, where there was a significant increase from 1990 to 1996 in the percentage
of students reaching at least the Proficient level of performance.

THE NATION'S

Hagianail Pereengages Attaining Achievemeng. &eves RE=
OPfl ffsgionagion, Grades 4, 8, aid V2

Grade

Grade

Grade

Percentage Students

Assessment

Year Advanced

At or Above

Proficient

At or Above

Basic

1996 2 30* 88
1992 30* 91

1990 0! 20 90

1996 19 68
1992 20 67
1990 18 64

1996 6 38 83
1992 4 34 82
1990 4 33 79

Below Basic

12

9

10

32
33
36

17

18

21

* Significant difference from 1990.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and

1996 Mathematics Assessments.

Mullis, I. V. S., Dossey, J. A., Owen, E. H., & Phillips, G. W. (1991). The state of mathematics achievement: NAEP's
1990 assessment of the nation and the trial assessment of the states. Washington, DC: National Center for Education
Statistics; Mullis, et al., (1993). op. cit.
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An overall analysis of the percentages of students reaching the various achievement
levels in 1996 reflects a differentiated pattern across the grades. Grade 12 had the greatest
percentage of students reaching the Advanced level (6%), while only one or two percent
reached this level at the lower grades. The Proficient level was reached by almost one-third of
the students at grades 4 and 12, while one-fifth of the eighth-grade students reached this level.
At the same time, over 80 percent of the students at grades 4 and 12 reached at least the Basic
level, compared to two-thirds of the grade 8 students.

The data in Table 2.8 provide information parallel to that provided in Table 2.5. Here
one can see the percentages of students in different subgroups reaching at least the Proficient
level on the Estimation Study for each of the three grade levels in 1996.

The data for 1990 and 1992 were not reported in the table due to the small number of
significant differences in performance on estimation over the time period of the three
assessments. However, at grade 4, male students, female students, White students, and students
attending public schools all exhibited significant increases since 1990 in percentages reaching
at least the Proficient level, indicating that this increase in proficiency occurred broadly across
the largest subgroups of students.8

8 The sources of these data are the 1990 and 1996 NAEP mathematics assessments.
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Percent of Students Reaching at Least Proficient
Level in Estimation by Background Variables,

Grades 4, 8, and 12, 1996

THE NATION'S
REPORT

CARD

Gender

Percentage C17 DOTStudents Achieving Proficient

Grade 4 Grade 8 Grade 12

Males 32* 22 47
Females 28* 16 31

Students who Indicated Their
Race/Ethnicity as...

White 38* 25 45
Black 9 3 13

Hispanic 11 6 18
Asian/Pacific Islander 38! 16 70

American Indian 16! 6! 18!

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 7 6 14

Graduated From High School 27 10 25
Some Education After High School 36 19 27

Graduated From College 40 28 51
I Don't Know 21 6 18!

Students who Attend...
Public Schools 28* 18 36

Nonpublic Schools 43! 29! 53!

Title I Participation...
Participated 8 2! 7!

Did Not Participate 38 21 40

Free/Reduced-Price Lunch
Program Eligibility...

Not Eligible 38 24 39
Eligible 12 6 12

Information Unavailable 40 24! 49

* Significant difference from 1990.

Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The overall results presented in this chapter, indicate a lack of significant progress over the
6 years since the inception of the Estimation Study in 1990. In terms of the achievement
expectations set for this area of mathematics, the greatest change appears to have taken place
at grade 4, although smaller score increases were also found at grade 12. The differences in
grade 4 performance may reflect action on the recommendation by the National Council of
Teachers of Mathematics that emphasis be placed on estimation in the primary grades.9 The
lack of equivalent increases at the upper two grades may be an indication of the lack of focused
instruction and opportunity to practice estimation concepts and skills in either classroom or
assessment settings.

9 National Council of Teachers of Mathematics. (1989). op. cit.
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The Study of Mathematics-in-Context (also referred to as the Theme Study) was implemented
to address specific reform recommendations regarding mathematics instruction and assessment.
These recommendations assert that students benefit from mathematics instruction and
assessments that enable them to make connections across mathematics content areas
(e.g., Number Sense, Properties, and Operations with Geometry and Spatial Sense, or
Measurement with both Geometry and Spatial Sense and Algebra and Functions) and to
real-world contexts.' These instructional and assessment strategies also reflect reform efforts to
include more integrated curriculum and project-based instruction in our mathematics classrooms.

1V1IELID AlahnematioliTagCiloss

Students in grades 4, 8, and 12 who participated in the Theme Study were selected through
the same procedures used in selecting students for the national NAEP mathematics assessment
(also referred to as the main NAEP assessment).2 Two 30-minute Theme blocks based on
sustained real-life scenarios were constructed for each grade level. The use of a single
real-world problem contexts for each Theme block was expected to engage students' interest
and sustain motivation throughout the assessment. Additionally, the 30-minute Theme blocks
provided an opportunity to explore student responses to questions that were more detailed and
complex than questions in the main NAEP assessment, in which all blocks were 15 minutes
in length.

Students participating in the Theme Study were each given an assessment booklet
containing one of the Theme blocks for their grade level and a 15-minute, grade-appropriate
block from the main NAEP assessment. In addition, the Theme Study booklets included blocks
of background questions that also were administered to students in the main NAEP assessment.

' National Council of Teachers of Mathematics. (1989). Curriculum and evaluation standards for school mathematics.
Reston, VA: Author; Brut lag, D. & Maples, C. (1992). Making connections: Beyond the surface. Arithmetic Teacher,
85(3), 230-235.

2 For information on sampling for the national NAEP mathematics assessment, see Appendix A and Allen, N. J., Jenkins,
F., Ku lick, E., & Zelenak, C. A. (1997). Technical report of the NAEP 1996 state assessment program in mathematics.
Washington, DC: National Center for Education Statistics.
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As with the main assessment, teachers of participating fourth- and eighth-grade students and
principals from schools in which the fourth-, eighth-, and twelfth-grade students were enrolled
also were surveyed. In addition, students were provided with calculators that they could use
without restriction, and they were asked to indicate whether or not they had used the calculator
when answering each question.

Although all of the questions in the Theme blocks were centered around a single theme,
a correct response to one question did not depend on correct responses to other questions in the
block, and each question was scored independently. However, some questions did include two
or more interdependent parts that were scored as a single unit.

Unlike the Estimation Study or the main NAEP assessment, no achievement scale was
developed for the Theme Study. Because the Theme Study was not intended to measure a
unique aspect of mathematics achievement, a separate achievement scale was not appropriate.
Moreover, the Theme Study booklets did not have enough questions per content strand
(subscale) in common with the main assessment to allow for valid linking to the scale used in
the main assessment.

CIDTprasazaaViens off CllaanDtteir

The performance data presented in this chapter include block-level average percentage correct
scores as well as average percentage correct scores for individual questions: for all students,
and by gender and race/ethnicity subgroups where sufficient sample sizes allow. One Theme
block from each grade was released for public use, and these released questions are discussed
in detail, although student performance on the unreleased blocks also is referenced.

Theme-block questions included mathematics content from more than one content
strand and assessed a variety of mathematical abilities as defined by the 1996 NAEP
Mathematics Framework.3 Although assessment developers attempted to provide students with
questions from an appropriate range of grade-level difficulty, there was no explicit attempt to
make the two Theme blocks at each grade level (or across grade levels) equivalent in terms of
overall difficulty level. Therefore, the reader should not make any formal comparisons of
performance at different grade levels or across the two Theme blocks at any of the grade levels.

The remainder of this chapter is divided into four sections, one for each grade level and
one that summarizes the findings across grade levels. Each grade-level section begins with
background information on student demographics and the prevalence of two specific
instructional practices thought to be related to skills required for answering the Theme block
questions. The instructional practices data are based on teacher responses to the following
questions: (1) How often are students asked to write a few sentences about how to solve a
mathematics problem? and (2) How often are students asked to write reports or do mathematics
projects? It was hypothesized that answering a series of thematically-related mathematics
questions might be a more familiar task for students who had carried out sustained mathematics
projects, and that students who had experience writing about mathematics might perform better

3 For information about the NAEP 1996 Mathematics Framework, see National Assessment Governing Board. (1996).
Mathematics framework for the 1996 National Assessment of Educational Progress. Washington, DC: Author.
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on questions asking students to explain how they arrived at their answers. The background and
instructional information is followed by a presentation of overall student performance on each
Theme block administered to that grade and, finally, by a discussion of each of the questions
students encountered in the released Theme block.

StitacUeDatt egaaaTegertezPriaTdez
The data in Tables 3.1 and 3.2 show that the fourth-grade students who participated in the
Theme Study were similar to the students who participated in the main NAEP assessment on a
variety of demographic variables and on the two classroom practice variables. Nearly equal
numbers of male and female students took each of the Theme blocks and the main NAEP
assessment. The majority of students in each of the samples were White; very small

percentages were Asian/Pacific Islander or American Indian. When asked about the highest
level of education attained by their .parents, students most often indicated that their mothers
and fathers had "graduated from college." However, more than a third of the students were
unable to provide any information about their parents' education. Nearly 90 percent of students
attended public as opposed to nonpublic schools. About one-fourth of the students participated
in the Title I program, and about a third were identified as being eligible for the federal
Free/Reduced-Price Lunch program.

The data in Table 3.2 show that fewer than 10 percent of the students in each of the
samples had teachers who reported that students in their mathematics classes wrote a few
sentences about solving a mathematics problem "nearly every day." Teacher responses for the
remainder of the students were distributed fairly evenly across the other response categories:
"once or twice a week," "once or twice a month," and "never or hardly ever." Teachers of these
fourth-grade students reported asking students to write reports and do projects even less
frequently than asking them to write a few sentences about solving a mathematics problem.
For all samples, fewer than five percent had teachers who reported asking their students to
write reports or do projects "once or twice a week" or more, and two-thirds or more had
teachers who reported "never or hardly ever" asking their students to engage in such practices.
However, the reader should keep in mind that reports and projects are typically long-term
activities, and this factor may limit the frequency with which teachers could ask students to
do them.

Given these similarities between students in the Theme Study samples and those
participating in the main NAEP assessment, it is reasonable to expect that fourth-grade
students across the nation would have performed similarly on the Theme blocks to the students
who actually participated in the Theme Study.
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Table

THE NATION'S

SaudeuV Demographic Disgribasgions by Assessmeng REPORT
CARDGrade 4, D9V6

Percentage Students

Jain Assessment
Theme Block 1

The Butterfly Booth
Theme Block 2

Recycling

Grade

Gender
Males 51 51 53

Females 49 49 47

Students who Indicated Their
Race/Ethnicity as...

White 68 68 69
Black 15 15 14

Hispanic 13 12 13
Asian/Pacific Islander 3 3 3

American Indian 2 2 1

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 4 4 6

Graduated From High School 13 12 13
Some Education After High School 7 7 8

Graduated From College 40 42 38
I Don't Know 36 36 35

Students who Attend...
Public Schools 89 87 88

Nonpublic Schools 11 13 12

Title I Participation...
Participated 22 24 23

Did Not Participate 78 76 77

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 31 33 35
Not Eligible 53 55 54

Information Not Available 16 12 11

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table
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Cilassroollva Procgices, Grade J, 1 996

THE NATION'S
REPORT hvg]

CARD

Percentage Students

Again Assessment

Theme Block 1

The Butterfly Booth

Theme Block 2

Recycling

Grade

Students Whose Teachers Report
Asking Students to Write a Few

Sentences About How to Solve a
Mathematics Problem...

Nearly Every Day 9 7 6

Once or Twice a Week 26 28 28

Once or Twice a Month 36 35 33

Never or Hardly Ever 29 3'0 33

Students Whose Teachers Report
Asking Students to Write Reports

or Do a Mathematics Project...
Nearly Every Day 1 0 0

Once or Twice a Week 4 2 2

Once or Twice a Month 29 27 25
Never or Hardly Ever 66 70 72

SOURCE: National Center for Education Statis ics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Content ff ale 71117aeme IlDUaDellez

The developers of the assessment questions for the two fourth-grade Theme blocks selected
real-life contexts that should have been familiar to most, if not all, fourth-grade students in the
United States. The released block involved setting up a Butterfly Booth at a school science
fair; the unreleased block was about recycling. With each of these blocks, students were
provided with a packet of materials to be used in answering some of the questions. The packet
that accompanied the Butterfly Booth block contained a Butterfly Information Sheet, which
featured beautifully colored illustrations of a Monarch butterfly, a Black Swallowtail butterfly,
and a Common Blue butterfly; a 6-inch ruler marked with both inches and centimeters; and
15 cut-outs of the Common Blue butterfly. The Butterfly Information Sheet also included
information about the wingspan and height of the Monarch butterfly. Providing students with
pictures of butterflies in such vivid, realistic colors may have made the task more interesting
for many of the students.
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BUTTERFLY INFORMATION SHEET

wingspan to centimeters

he ght
7 centimeters

Monarch Butterfly

Black Swallowtail Butterfly

Common Blue Butterfly

Not shown to size

COMMON BLUE BUTTERFLY CUT-OUTS
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The questions in both blocks were similar in format. The six questions in the Butterfly
Booth block were either short or extended constructed-response questions. Of the eight
questions in the Recycling block, one was a multiple-choice question and the remainder
were short or extended constructed-response questions. In both blocks, there were three or
four questions in which students were asked to provide an explanation for how they arrived at
their answer.

aDwerreallU zataalleagt peirffoUTRI20321Ce
Students' overall performance, as measured by average percentage correct scores, is presented
in Table 3.3. For both blocks of questions, students' average percentage correct score was
30 percent. Male and female students performed similarly; White, Hispanic, and Asian/Pacific

1
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Islander students outperformed Black students, and White and Asian/Pacific Islander students
also outperformed Hispanic students. The sample of American Indian students for both Theme
blocks was too small to permit reliable estimates of their performance on the block as a whole
or on individual questions. Therefore, the remainder of the discussion will not include
information about the performance of American Indian students.

Classroom practices, as measured by the frequency of writing a few sentences about
how to solve a mathematics problem, or writing reports or doing mathematics projects, were not
found to be related to student performance on either of the Theme blocks.

Average Percentage Correct Scores y Theme
Grade 4, 1996

If )

THE NATION'S

Dock, REPORT
CARD

The Butterfly Booth Recycling

Grade

All Students 30 30

Gender
Males 29 30

Females 31 29

Race/Ethnicity
White 34 33
Black 17 20

Hispanic 21 22
Asian/Pacific Islander 35 35

American Indian

Students Whose Teachers Report Asking
Students to Write a Few Sentences

About How to Solve a
Mathematics Problem...

Nearly Every Day 35 34
Once or Twice a Week 30 32

Once or Twice a Month 29 27
Never or Hardly Ever 32 30

Students Whose Teachers Report Asking
Students to Write Reports or Do a

Mathematics Project...
Nearly Every Day *** ***

Once or Twice a Week *** ***
Once or Twice a Month 30 30

Never or Hardly Ever 30 30

f

*** Sample size is insufficient to permit a reliable es imate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The introduction to the block of questions about planning a Butterfly Booth for a school science
fair is shown in Figure 3.1. The instructions included the following information about the
expectations for acceptable responses: "In those questions where you must write an answer, it
is important that your answer be clear and complete.and that you show all of your work since
partial credit may be awarded." The instructions also informed students that "[s]ome questions
may each require 5 minutes or more to think about and answer." Thus, students were expected
to take time to think about how to solve some of these problems. Finally, the manner in which
the task of planning the booth was presented provided students the opportunity to take
ownership of the task. For example, the introduction says, "Your class is planning to have a
Butterfly Booth," and "You need to make decorations for the booth... " The hope was that
students would feel that they were no longer just answering questions on another test but
solving problems that they might encounter in their own lives at school, making the task of
answering the questions more interesting and meaningful.

Figure Introduction to "Pia ran.? OttnNegy Occogiu"
Theme Block, Grade 4, 11996

THE NATION'S
REPORT

CARD

This part has 6 questions. Mark your answers in your booklet. You will
have to fill in an oval or write your answer as directed. In those questions
where you must write an answer, it is important that your answer be clear and
complete and that you show all of your work since partial credit may be
awarded. Some questions may each require 5 minutes or more to think about
and answer. After each question, fill in the oval to indicate whether you used
the calculator.

Use the packet you have been given to help you answer the questions
in this section.

Each class in Oakville School will have a booth at the Science Fair. Your
class is planning to have a Butterfly Booth.

Your class has a lot to do to get ready for the Science Fair. You need to
make decorations for the booth, plan activities, and order materials.

341
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Question 1. Draw symmetrical figure. The first question that students encountered in the
block was classified as a Geometry and Spatial Sense question and was designed to assess
Problem Solving ability. The question provided students with a context for the task they were
asked to complete. That is, students could imagine rendering butterfly drawings that would be
used to decorate the booth.

1. The butterfly booth will be decorated with butterfly drawings. Draw
only the missing markings on each picture to make each butterfly
symmetrical.

ISMINI MINIPEZ
1111111011111111111111111111MINWA11M1011/2 1/211
MINIMMan11/111
iiiii1806161111
mularammulln

To respond successfully to this question, students needed to know what "symmetrical"
meant, be familiar with using grids to complete drawings, and understand that the grids were
important for getting a correct response. This question was scored with a 4-point rubric:
"satisfactory," "partial," "minimal," and "incorrect." 4 To be scored "satisfactory," responses
had to have all four markings correctly drawn as shown in the sample student response.
Students were given full credit if their drawings appeared to show that they understood the
concept of symmetry, even if the symmetrical markings were not perfectly drawn or not placed
exactly on the grid.
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't Student responses for this and all other constructed-response questions also were scored as "off task" if the student provided
a response that was deemed not related in content to the question asked. There are many examples of this type of response,
but a simple one would be "I don't like this test." In contrast, responses scored as "incorrect" were valid attempts to answer
the question that simply were wrong.
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A "partial" response was one in which three of the four markings were correctly drawn;
the fourth marking was either omitted or incorrectly drawn. In the "partial" response that
follows, the student appears to have understood the concept of symmetry but did not duplicate
the fourth marking. The student may have decided that, because this marking had a less
uniform shape, it was too difficult to attempt to draw. Another possibility is that the student did
not have enough time to finish the task.

arturrnallaz 66Naz TgazU99 Teogorraze
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"Minimal" responses included those in which one or two of the markings were drawn
correctly, and the remaining markings were either omitted or incorrectly drawn. The two
"minimal" responses shown each have one marking correctly drawn. It is not clear why the
students chose to draw only one marking. It is possible they did not fully understand the
meaning of symmetrical. "Incorrect" responses had none of the parts correctly drawn.
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Information on students' performance on this question is presented in Table 3.4.
The majority of students were able to draw at least some of the parts correctly; however, only
28 percent of the students drew all four parts correctly. Furthermore, a relatively large
proportion of students (33%) did not attempt to draw symmetrical butterflies at all; that is, they
skipped over this problem entirely. It is not clear why so many students omitted this question;
possibly they did not know the word "symmetrical" or did not know how to use the grid paper.

Scare Percerogages r "Draw Syrnmegricall Fi
Grade

THE NATION'S
REPORT

19' 'I CARD

Satisfactory Partial Minimal Incorrect Omit

Grade

All Students 28 . 17 11 1 1 33

Males 30 14 8 11 36
Females 27 20 13 10 29

White 34 19 10 10 26
Black 8 14 13 15 50

Hispanic 18 12 11 10 48
Asian/Pacific Islander 38 21 8 6 27

American Indian *** ***
i

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 2. Measure length using ruler. In the second question, students were asked to use
the ruler that was provided in their packets to measure the wingspans of the Black Swallowtail
and the Common Blue butterflies and report their measurements to the nearest centimeter. This
question was classified as a Measurement question and was designed to assess Procedural
Knowledge. Students needed to know how to measure using the ruler provided, what
centimeters are, and what it means to measure to the nearest centimeter. Students also needed
to know what the term "wingspan" means or be able to discern its meaning from the indication
of the Monarch butterfly's wingspan on the Butterfly Information Sheet. Furthermore, although
centimeters are clearly indicated on the ruler provided, knowledge of and experience in using
centimeter measurements may have been helpful.

2. Take the 1:,utterfily Information Sheet from your packet.

On the Butterfly Information Sheet the wingspan of the Monarch
butterfly is shown.

Use your ruler to measure the wingspans of the other two butterflies on
the sheet, the Black Swallowtail butterfly and the Common Blue
butterfly, to the nearest centimeter.

Black Swallowtail

Common Blue

Wingspan:

Wingspan:

centimeters

centimeters

The correct answer to the question is seven centimeters for the wingspan of the Black
Swallowtail butterfly and three centimeters for the wingspan of the Common Blue butterfly.
Students' responses were scored on a 5-point rubric: "extended," "satisfactory," "partial,"
"minimal," and "incorrect." An "extended" response was one in which both measurements
were correct. Responses were scored "satisfactory" if one of the measurements was correct, if
the two measurements were correct but reversed on the answer sheet, or if students did not
round to the nearest centimeter but provided answers that would round to seven (6.5 to 7.5) and
three (2.5 to 3.5). "Partial" responses were those in which students appeared to have measured
the heights of the butterflies rather than their wingspans; that is, "partial" responses included
answers for both measurements, with the wingspan ranging between 5 and 5.5 centimeters for
the Black Swallowtail and between 2 and 2.5 centimeters for the Common Blue butterfly.
Responses were scored "minimal" if they were in the correct range for inches, not centimeters.
That is, if the measurements were 2.5 to 3 inches for the Black Swallowtail and 1 to 1.5 inches
for the Common Blue. Responses that met none of the criteria already mentioned were scored
as "incorrect."

Information on response scores for this question is presented in Table 3.5. Forty percent
of fourth-grade students were able to provide the correct measurements for the wingspans of
both butterflies. From student responses, it appears that many fourth-graders are familiar with
metric measurements such as centimeters or are at least able to translate what they know about
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using a ruler with inch markings into using a ruler with centimeter markings. Twenty-six
percent of the responses were scored as "satisfactory" or "partial," suggesting that these
students may not have been careful in their measurements or in their reading of the question,
may not have understood the term "wingspan," or may not have understood what it means to
measure to "the nearest centimeter."

Perhaps as evidence that fourth-grade students were more familiar with the task
involved in this question compared to the first question, a much higher percentage of students
chose to respond to this question (96%) than chose to respond to the first question (67%).
Furthermore, the percentage of "extended" responses (40%) for this question was higher than
the percentage of "satisfactory" responses (28%) for Question 1.

Table Scare Percentages For
"Measure Length Using Ruler," Grade 4

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial Minimal Incorrect Omit

Grade

40 14 12 3 27 4All Students

Males 41 12 12 2 28 5
Females 40 16 12 4 26 3

White 47 14 12 3 23 2

Black 20 18 11 3 41 8
Hispanic 26 13 15 3 31 12

Asian/Pacific Islander 54 7 5 2 27 5
American Indian ** *

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or o rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 3. Solve packing problem. Students were asked to use the 15 rectangular cut-outs
of the Common Blue butterflies that were provided in their packets to answer this two-part
question. The question included a two-dimensional representation of a storage case, drawn to
size. Part 1 of the question asked students to determine the greatest number of Common Blue
butterflies (of the size of the cut-outs) that could be stored in the case and to show how those
butterflies would be arranged in the case; butterflies could not overlap each other or be stacked
on top of each other. In the second part of the question, students were asked to determine how
many storage cases of the same size they would need to store 28 Common Blue butterflies.
Students also were asked to explain with drawings, words, or numbers how they arrived at their
answers. Question 3 was classified as a Measurement question and was designed to measure
Problem-Solving ability.

In responding to this question, students were not required to do any actual measuring
with a ruler. To determine the number of butterflies that would fit, they simply needed to place
the Common Blue butterfly cut-outs onto the picture of the storage case. To indicate how the
butterflies would lie in the case, students could trace the outline of the cut-outs or they could
draw butterflies of the approximate size of the Common Blue cut-outs. Having answered Part 1,
there were numerous strategies students could use to solve Part 2. Whatever strategy students
used, they were required to describe it in order to answer the question completely.
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3. Take the butterfly cutouts from your packet.

What is the greatest number of Common Blue butterflies that can be
stored in the case below? (When you put butterflies in the case, you
can't stack them. The butterflies can touch, but they can't overlap at
all.)

Answer:

Show how the butterflies fit in the case.

Storage Case

6 centimeters

12 centimeters

How many storage cases would you need to store 28 Common Blue
butterflies?

Answer:

Use drawings, words, or numbers to explain how you got your
answer.
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This question was scored on a 5-point rubric: "extended," "satisfactory," "partial,"
"minimal," and "incorrect." Responses scored as "extended" provided the answer 12 for the
number of butterflies that would fit in the case, with a drawing of how the 12 would lie in the
case, and the answer 3 for the number of cases needed to accommodate 28 butterflies, with an
appropriate explanation for arriving at 3 cases. In the sample "extended" response that follows,
the student subdivided the picture of the storage case into 12 appropriately sized rectangles to
show the placement of the 12 non-overlapping butterflies. For the second part of the question,
the student showed, through addition, how she or he arrived at the answer of 3 cases needed to
accommodate the 28 butterflies.

gaaffitErplle 66esgge21 elle099 Teon Dome

Answer: bi bk-A'Acc
Show how the butterflies fit in the case.

Storage Case
p

6 centimeters

12 centimeters
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How many storage cases would you need to store 28 Common Blue
butterflies?

Answer:

Use drawings, words, or numbers to explain how you got your
answer.

9 butt 11 ie5 caze-
0

b 3 cue
A response could be scored as "satisfactory" if it met any of the following criteria:

O Part 1, 12 butterflies with a correct drawing; and Part 2, an incorrect answer but a
correct explanation;

O Part 1, 12 butterflies with a correct drawing; and Part 2, a correct answer but an
inadequate or missing explanation;

o Part 1, 12 butterflies with drawing missing; and Part 2, a correct answer with a
correct explanation; or

O Part 1, 10 or 11 butterflies with a correct drawing; and Part 2, a correct answer with
a correct explanation.
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The following sample "satisfactory" response includes the correct answers for Parts 1
and 2 and an acceptable explanation for Part 2, but the drawing is missing for Part 1. It is not
evident why the student did not complete the drawing. It is possible that she or he simply did
not read the directions carefully and therefore did not realize that it was necessary to show how
the 12 butterflies would fit in the case.

alaDrorge 66zaatifo6aacCom99 Teoliporraze

Answer: AZ hafre,rs

Show how the butterflies fit in the case.
Storage Case

F---6 centimeters

12 centimeters
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How many storage cases would you need to store 28 Common Blue
butterflies?

Answer:

Use drawings, words, or numbers to explain how you got your
answer.
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A "partial" response would meet one of the following criteria:

O Part 1, 10 or 11 butterflies with or without a drawing; and Part 2, an incorrect answer
with a correct explanation of the strategy used to determine that number;

o Part 1, 10 or 11 butterflies without a drawing; and Part 2, a correct answer with an
acceptable explanation;

o Part 1, 10 or 11 butterflies with a correct drawing; and Part 2, a correct answer but a
missing or inadequate explanation;

Part 1, 12 butterflies without a drawing; and Part 2, an incorrect answer but an
acceptable explanation; or

O Part 1, 12 butterflies without a drawing; and Part 2, a correct answer but an
inadequate or missing explanation.

The sample "partial" response that follows indicated that 10 butterflies would fit in the
case and provided a correct drawing of the 10 in the case. For Part 2, the student offered the
correct answer of 3 cases but an inappropriate explanation of the solution process. The
explanation in Part 2 is actually an explanation of deriving the answer in Part 1.
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Answer: 00

Show how the butterflies fit in the case.

Storage Case

6 centimeters

12 centimeters

How many storage cases would you need to store 28 Common Blue
butterflies?

Answer: 3
Use drawings, words, or numbers to explain how you got your
answer.
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The different responses that could be scored as "minimal" include the following:

o Part 1, 10 or 11 butterflies with or without a correct drawing; and Part 2, an incorrect
number of cases and explanation;

o Part 1, 10 or 11 butterflies with an incorrect drawing; and Part 2, a correct answer
but an explanation that is missing or inadequate; or

o Part 1, 12 butterflies with or without a correct drawing; and Part 2, an incorrect
answer and explanation.

The sample "minimal" response that follows has an acceptable number of 10 butterflies
but an incomplete drawing for Part 1 and the correct number of 3 cases but an inadequate
explanation for Part 2.
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Answer: 40
Show how the butterflies fit in the case.

Storage Case

6 centimeters

12 centimeters

How many storage cases would you need to store 28 Common Blue
butterflies?

Answer:

Use drawings, words, or numbers to explain how you got your
answer.

ak 20-1-erilz5
;

.S4v rage, ceise

53
Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics 4S



An "incorrect" response is one that meets none of the criteria previously mentioned. In
particular, it provides no answer for the number of butterflies or an answer other than 10, 11, or
12. The following "incorrect" response indicates that the greatest number of butterflies that
would fit in the case is 6, and that 34 storage cases would be necessary to fit 28 butterflies.
Although the answer 6 is incorrect, the drawing for Part 1 shows some understanding of the
task of explaining how the butterflies would lie in the case. The answers to the second part of
the question appear to indicate that the student did not understand at all what the question
was asking.

gaannallgle 66°̀CINICOTTeeg99 treopopage

Show how the butterflies fit in the case.

Storage Case

50
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How many storage cases would you need to store 28 Common Blue
butterflies?

Answer: 3
Use drawings, words, or numbers to explain how you got your
answer.

ThtTe. clfc

One e-)cof a.3 c

ao 7ef

6 bqkker-C\ie.s
ckack

onel

A

66
Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



Student performance information for this question is presented in Table 3.6. Students
appear to have found this question difficult compared to the previous measurement question.
Only a third of the responses were scored "partial" or higher, about a third were scored
"minimal," and just under a third of the responses were "incorrect." Despite the apparent
difficulty students encountered with this question, only one percent of the students chose not to
attempt to answer it. It is perhaps both the multistep feature and the need to provide an
explanation of the process of getting to an answer that accounted for much of the difficulty
students had with this question.

THE NATION'S

Scare PerCengnaS > CD17- "Salve Packing Profolleova," RE 'CZ
07acile 4

Extended Satisfactory Partial PAinimal Incorrect Omit

Grade

All Students 4 13 16 35 30 1

Males 4 12 14 36 34 1

Females 5 14 18 36 27 0

White 6 16 18 34 25 1

Black 2 4 8 34 50 2

Hispanic 1 6 12 42 39 0!
Asian/Pacific Islander 2 18 20 36 22 2!

American Indian *** ***
i

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or o rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
! Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 4. Determine number of models. The fourth question explained that students who
visit the booth would be building models of butterflies. Students were told how many of each
part of the butterfly 4 wings, 1 body, and 2 antennae were needed to build one butterfly.
They were asked to determine how many complete butterflies could be built with the supply of
29 wings, 8 bodies, and 13 antennae that the class had. Students also were asked to explain
how they arrived at their answer using drawings, words, or numbers. This question was
designed to assess Problem-Solving ability and content from the area of Number Sense,
Properties, and Operations.

To answer this question correctly, students needed to understand that, after building all
possible complete butterflies, they might have remaining wings, bodies, and/or antennae. Their
task, actually, was to determine for each part how many models of butterflies they could
accommodate. That is, they had enough wings for 7 butterflies, enough bodies for 8 butterflies,
and enough antennae for 6 butterflies. So, students had to know that the answer they were
seeking was the smallest of those three numbers, namely, 6.

4. The children who visit your booth are going to build models of
butterflies. For each model, they will need the following:

4 wing pieces 1 body 2 antennae

When the model is put together it looks like this:

If the class has a supply of 29 wings, 8 bodies, and 13 antennae, how
many complete butterfly models can be made?

Answer:

Use drawings, words, or numbers to explain how you got your
answer.
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This question was scored using a 4-point rubric: "satisfactory," "partial," "minimal,"
and "incorrect." "Satisfactory" responses had the correct number of butterflies, 6, and a correct
explanation for how that number was determined. The sample "satisfactory" response shown
had a correct answer and a complete explanation.

Oaareanae 66oaagemetteir099 ireoppoDuze

Answer: 6
Use drawings, words, or numbers to explain how you got your
answer.
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Responses scored as "partial" either had the correct answer but an incomplete or
erroneous explanation or had a correct explanation with the six-and-a-half pairs of antennae
rounded to 7 butterfly models. The "partial" answer that follows had the correct answer 6 but is
lacking an explanation.

OcomanDne 66ilDamraucra1199 TegoDoanze

Answer:

Use drawings, words, or numbers to explain how you got your
answer.
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Responses scored as "minimal" had an incorrect number of butterfly models but
provided some evidence that the student understood that the number of parts (wings, bodies,
and antennae) available determined the number of complete butterfly models that could be
built. The following sample "minimal" response has the wrong answer, 8, but the drawing of the
butterflies shows an understanding of how the different parts are needed to build a complete
butterfly model.

OannaDDlle 66marailmeaU99 treoNamaxe

Use drawings, words, or numbers to explain how you got your
answer.

An "incorrect" response showed no understanding of how to solve the problem. For
example, the following "incorrect" response shows that the student simply added the various
available butterfly parts and came up with the sum, 50, which is the wrong number of complete
models possible.

OauritgUe 66tirtaconnocee1j99 TenDoptoe

Answer: _50
Use drawings, words, or numbers to explain how you got your
answer.

29e
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Student performance information on this question is presented in Table 3.7. Eighteen
percent of the students were able to provide a response that received at least a "partial" score.
Such responses appear to indicate that the student had some idea of how to solve the problem
correctly. However, the majority of responses were scored as "incorrect," indicating that many
students found this question very difficult.

Score Percengroges gar "Degerunine
Hunger © Modeb's," GM& 4

THE NATION'S
REPORT

CARD

Satisfactory Partial iliiinimal Incorrect Omit

Grade

All Students 3 15 18 61 2

Males 2 15 15 64 3
Females 3 15 21 59 2

White 3 19 21 55 2
Black 1 5 9 81 3

Hispanic 1 8 11 75 3
Asian/Pacific Islander 6 22 17 51 4

American Indian *** ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 5. Determine number of leaves. The fifth question used the context of the
Butterfly Booth indirectly; that is, the question is about feeding caterpillars. Students could have
answered this question correctly even if they did not know that butterflies are transformed
caterpillars, but having that knowledge might have made the problem more interesting. In the
question, students were told that a class has two caterpillars and needs five leaves a day to feed
them. Students were asked to determine how many leaves the class would need each day if it
had 12 caterpillars to feed. This question was classified as a Number Sense, Properties, and
Operations question and was designed to assess Problem-Solving ability. As with other
questions, in addition to specifying the number of leaves needed, students were asked to
explain how they determined their answer.

There were a number of strategies that students might have used to answer this
question. For example, students may have reasoned that 12 is 6 groups of 2, so 6 times
5 leaves, or 30 leaves are needed.

5. A fourth-grade class needs 5 leaves each day to feed its 2 caterpillars.
How many leaves would they need each day for 12 caterpillars?

Answer:

Use drawings, words, or numbers to show how you got your answer.

6 6
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This question was scored on a 3-point rubric: "complete," "partial," and "incorrect."
Responses were scored "complete" if they had the right number of leaves, 30, and a correct
explanation. The "complete" response that follows has the correct answer and an adequate
computational explanation. Through the computations, the student appears to show an
understanding that the number of caterpillars and the number of leaves needed to be multiplied
by the same number, 6.

Sample "complete" response

Answer: ieo4ts
Use drawings, words, or numbers to show how you got your answer.

la- 30
"Partial" responses either had the correct number of leaves with an incomplete,

erroneous, or no explanation or a correct explanation with a wrong number of leaves because of
a computational error. In the sample response below, the student has the correct number of
leaves, 30, but the explanation is incomplete. The student started with an acceptable process of
determining the number of leaves one caterpillar needs a day, that is, two-and-a-half, but then
jumped to the conclusion of needing 30 leaves without explaining that 30 leaves is the answer
to two-and-a-half leaves per caterpillar multiplied by 12 caterpillars.

Sample "partial" response

Answer: 30

Use drawings, words, or numbers to show how you got your answer.

4-earA, dasTeApdp.,. gifr.,weA.--
Acza,
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"Incorrect" responses had the wrong number of leaves and either an erroneous or no
explanation. In the sample "incorrect" response shown below, the student forgot that the five
leaves were for two caterpillars instead of one. The process explained was an acceptable
process. It would have resulted in the correct answer had the student remembered that the five
leaves were for a pair of caterpillars and therefore only counted by fives 6 times rather than 12.

arampUe 66tigaeonreett99 Teoppootoe

Answer:

Use drawings, words, or numbers to show how you got your answer.

17,
coun+e, loy --Pve-5 cif +®
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Student performance information on this question is presented in Table 3.8. It proved

to be a very difficult question for students; 86 percent of their responses were scored as
"incorrect." Despite the fact that students had difficulty determining the correct answer, most
students attempted to answer the question.

Scare PercenScses "all. "Degermigne
Mourber ag Leaves," Grade 4

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

All Students 6 7 86 2

Males .6 7 85 2

Females 5 6 87 1

White 7 8 84 1

Black 2 3 92 3

Hispanic 3 2 93 2

Asian/Pacific Islander 11 8 75 6
American Indian .. * **

L
NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 6. linterpret pattern of figures. The last question in the Butterfly Booth block was
about making a banner for the booth. Students were told that they should use the Butterfly
Information Sheet to help them solve this problem. They were told the length of the banner,
130 centimeters, and the design on the banner; that is, a repeating pattern of one Monarch
butterfly followed by two Black Swallowtail butterflies with wings touching but not overlapping.
Students were asked to determine how many Monarch and Black Swallowtail butterflies would
be needed to fill the banner. This question was classified as an Algebra and Functions question
and was designed to assess Problem-Solving ability. As with other questions, students were
asked to explain how they got their answer.

6. Use the uttertly linformation Sheet andl your answer from question 2
to solve this question.

Your class has decided to have a banner that will be 130 centimeters
long. This banner will have a repeating pattern of one Monarch
butterfly followed by two Black Swallowtail butterflies, as shown
here.

This part keeps repeating
across the banner.

The butterflies will just touch but will not overlap.

Monarch

r\t/'*,,r.49 wTe wil',.04e.Viv .4
Black Swallowtails

How many of each type of butterfly are needed for the banner?

Monarch

Black Swallowtail

Show how you got your answers.
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This was a relatively complex question. Students first had to determine which of all the
information available was needed to solve the problem and, second, to determine a multistep
process for arriving at the number of Monarchs and Black Swallowtails they needed to complete
the banner. As with Question 2, students who previously had conducted measurements using
centimeters may have had an advantage in solving this problem. The correct response was
6 Monarch and 10 Black Swallowtail butterflies and an adequate explanation of the process for

obtaining that response.
Although there are other strategies that students could have used to solve the problem,

the following is one possible strategy:

1. Measure in centimeters the wingspan of the Monarch butterfly and the Black
Swallowtail butterfly 10 centimeters and 7 centimeters.

2. Add the wingspan measurements of one Monarch and two Black

Swallowtails 24 centimeters.
3. Divide 24 centimeters into 130 centimeters, the length of the banner, to get the

number of patterns needed to cover the banner five patterns.

4. Realize that there was 10 centimeters of banner remaining enough to fit

Monarch butterfly, but no additional Black Swallowtails.

The responses to this question were scored on a 4-point rubric: "satisfactory," "partial,"
"minimal," and "incorrect." A "satisfactory" response had the correct number of Monarchs and
Black Swallowtails and an adequate explanation of how the student arrived at those answers.
The sample "satisfactory" response provides the correct answer and provides, as the
explanation, a drawing of the how the butterflies (indicated with an "M" for Monarchs and a
"W" for Black Swallowtails) would be positioned on the banner with the correct number of
centimeters (for one Monarch and two Black Swallowtails) indicated below these letters.

Oannap lie 66gerattig6ecgory" response

How many of each type of butterfly are needed for the banner?

Monarch

Black Swallowtail 10
Show how you got your answers.
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"Partial" responses either had the correct number of Monarchs and Black Swallowtails
but no explanation or an incomplete explanation, or had the correct strategy explained with the
correct number of patterns but the wrong number of Monarchs and Black Swallowtails. The
"partial" response shown had the wrong number of butterflies, but provided an explanation that
showed an appropriate strategy for solving the problem. In the explanation, the student showed
knowledge of the number of centimeters needed for the pattern, 24; had a counting strategy to
get to the number of patterns; and understood that the banner could have an incomplete pattern
at the end. Although it is not completely clear, it appears that the student made a mathematical
calculation error while counting by 24 and came up with four repeating patterns with
centimeters left over for the Monarch but no other Black Swallowtails.

Scamargle 66pragtacraU99 Tear/Da:owe

How many of each type of butterfly are needed for the banner?

Monarch 5-

Black Swallowtail

Show how you got your answers.
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Responses that had any of the following pairs of numbers for Monarchs and Black
Swallowtails with no or an inadequate explanation were scored as "minimal": 4 and 8, 5 and
8, 5 and 10, 6 and 12, or 7 and 12. These responses, which were classified as minimally
acceptable, indicated measurement or computational error but showed that the student had
some understanding of how to solve the problem. A sample "minimal" response follows. The
student had a minimally acceptable number of repeating patterns, but did not provide any
explanation and did not appear to take into consideration the remaining centimeters that could
accommodate an additional Monarch butterfly.

Saanaaplle 66Dnaliaranntatl199 irezipanuoe

How many of each type of butterfly are needed for the banner?

Monarch

Black Swallowtail *(6

Show how you got your answers.

/1
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"Incorrect" responses involved pairs of numbers other than those mentioned above or
had missing numbers. The following "incorrect" response shows an understanding of some
aspects of the problem, but the student clearly did not understand that it was necessary to take
into account the wingspans of all three butterflies in the pattern. Although it is not possible to
know with certainty from the response how the student went about solving the problem, it
appears the student took the wingspan measurement of the Monarch butterfly, 10 centimeters,
and determined that 13 such butterflies could fit on a 130-centimeter banner by dividing
130 by 10. Then, while not attending to the fact that the Black Swallowtails also have
wingspans that take up space, the student laid out the repeating patterns with the 13 Monarchs.
It is interesting, however, that the student did not add the two Black Swallowtails after the
thirteenth Monarch butterfly. Therefore, the total number of Black Swallowtails summed to 24.

Sample 66ineorreet" response

How many of each type of butterfly are needed for the banner?

Monarch

Black Swallowtail 24/-
Show how you got your answers.
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Student performance data on this last question in the Butterfly Booth block are
presented in Table 3.9. Students apparently found this question very difficult to solve:
90 percent of the responses were scored as "incorrect."

Table g,cd

THE NATION'S
REPORT

&@U Percengages "Onfierpreg. Pattern ©l Figures," CARD

Grade 4

Satisfactory Partial Minimal Incorrect Omit

Grade

All Students 1 3 4 90 1

Males 1 2 5 90 1

Females 1 4 4 89 1

White 2 4 4 89 1

Black 0! 1 5 93 1

Hispanic 0! 1 4 91 1

Asian/Pacific Islander 0! 1! 9 87 3
American Indian * ** .**

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

OTataUe
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Eighth-grade students who participated in the Theme Study were similar to eighth-grade
students in the main NAEP assessment in terms of a variety of demographic characteristics.
(See Table 3.10.) Students in grade 8 also were similar to students in grade 4. For example,
there were similar percentages of male and female students; White students were in the
majority; the modal response regarding parents' highest level of education was "graduated from
college." In addition, about 90 percent of the students were from public schools; the large
majority were not Title I students; and just over a quarter of the students were eligible for the
federal Free/Reduced-Price Lunch program.

7 3
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Table
Sgude g. Demographic Distri

THE NATION'S

a REPORTtions by Assessment, CARD
car' , V996

Percentage Students

Main Assessment

Theme Block 1

Building a Doghouse

Theme Block 2

Flooding

Grade

Gender
Males 52 53 52

Females 48 47 48

Race/Ethnicity
White 69 70 70
Black 14 14 14

Hispanic 12 12 12

Asian/Pacific Islander 3 2 2

American Indian 2

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 7 8 8

Graduated From High School 22 23 25
Some Education After High School 19 18 18

Graduated From College 42 42 39
I Don't Know 11 10 9

Students who Attend...
Public Schools 89 90 91

Nonpublic Schools 11 10 9

Title I Participation...
Participated 12 11 10

Did Not Participate 88 89 90

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 27 25 26
Not Eligible 55 54 54

Information Not Available 17 21 21

SOURCE: National Center for Education Statis ics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The data in Table 3.11 show similar levels of exposure across the three samples of
eighth-grade students to the classroom practice of writing a few sentences about how to solve a
mathematics problem. Similarly, exposure to writing reports or doing mathematics projects did
not vary significantly across the three samples of eighth-grade students.

Table
Percenta ©t Sgudengs by Teachers' G2epari?s

Cassroam Pradices, Grade 8, D'996

THE NATION'S
REPORT

CARD

Percentage Students

It Assessment

Theme Block 1

Building a Doghouse

Theme Block 2

Flooding

Grade C3

Students Whose Teachers Report
Asking Students to Write a Few
Sentences About How to Solve

a Mathematics Problem...
Nearly Every Day 5 5 4

Once or Twice a Week 25 19 21
Once or Twice a Month 37 40 36

Never or Hardly Ever 33 37 38

Students Whose Teachers Report
Asking Students to Write Reports

or Do a Mathematics Project...
Nearly Every Day 0! 0! 0!

Once or Twice a Week 3 4 4
Once or Twice a Month 33 34 31

Never or Hardly Ever 64 62 65

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

75

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics
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The two blocks of questions for the eighth-grade Theme Study also had interesting and relevant
contexts. The released block involved building a doghouse; the unreleased block was based on
the flooding of the Mississippi River in the summer of 1993. Some eighth-grade students may
have pets for which they have considered building a house. With regard to the Theme block
on the flooding in the summer of 1993, most eighth-grade students had just completed their
fifth-grade year at that time and may have been exposed to media attention about the floods.
The flooding of the Mississippi River also was the context of the unreleased Theme block
for grade 12. Seven of the 11 questions in that block were given to both eighth- and
twelfth-grade students.

Students taking the Doghouse block of questions were given a sheet of push-outs
representing parts of a doghouse. A picture of the sheet follows. The sheet included a set of
seven push-outs that were parts of the doghouse two roof pieces, two side walls, a front wall,
a back wall, and a floor; a set of two push-outs (indicated with an "A" and a "B") that when
folded together formed a model of the doghouse; and a separate push-out (indicated with a "C")
that represented the door opening of the doghouse. Students were also provided with a
ruler/protractor and a calculator.
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Both Theme blocks included multiple-choice and constructed-response questions.
The Doghouse block included four multiple-choice and six constructed-response questions,
whereas the Flooding-of-the-Mississippi block included four multiple-choice and seven
constructed-response questions. In two of the questions in the Doghouse block, students were
asked to show work that supported their answers. In the Flooding block, students were asked to
explain their answers in five of the questions.

Overall student performance
Students' overall performance on the two blocks is presented in Table 3.12. The average
percentage correct score was 41 percent for the Doghouse block and 30 percent for the
Flooding block. In the Doghouse block, female students had a significantly higher percentage
correct score than male students. White, Hispanic, and Asian/Pacific Islander students
outperformed Black students, and White and Asian/Pacific Islander students also outperformed
Hispanic students. For the Flooding block, male and female students performed similarly,
while the pattern of performance by racial/ethnic groups was the same as noted on the
Doghouse block. The frequency with which students engaged in the two classroom practices
highlighted in this chapter was not found to be related to student performance. The sample of
American Indian students for both Theme blocks was too small to permit reliable estimates of
their performance on either the blocks as a whole or on individual questions. Therefore, the
performance of American Indian students is not discussed.
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Table

THE NATION'S

Average (ercenga e Correa Scares by Theme Nock, WORT

Grade 19 6 CARD

guild a Doghouse Flooding

Grade

All Students 41 30

Gender
Males 39 31

Females 43 30

Race/Ethnicity
White 45 34
Black 27 18

Hispanic 33 22
Asian/Pacific Islander 43 35

American Indian

Students Whose Teachers Report
Asking Students to Write

a Few Sentences About How
to Solve a Mathematics Problem...

Nearly Every Day 42 29
Once or Twice a Week 44 32
Once or Twice a Month 40 30

Never or Hardly Ever 42 31

Students Whose Teachers Report
Asking Students to Write Reports

or Do a Mathematics Project...
Nearly Every Day *** ***

Once or Twice a Week 39 30
Once or Twice a Month 42 32

Never or Hardly Ever 42 30

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The introduction to the Doghouse block is shown in Figure 3.2. The instructions clarified what
was expected of students with regard to responses. The description of the context for the block
of questions brings the students directly into the task by telling them that Julie would like their
help in building a doghouse. Students were asked first to put together a model of the doghouse
using pieces "A" and "B" and following the directions given. The results of these efforts were
not, however, collected or scored.
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Figure Introducti tie "Suildin
Bllack, Grade

THE NATION'S

® doghouse" Theme REGARD

, !996

This part has 10 questions. Mark your answers in your booklet. You will
have to fill in an oval or write your answer as directed. In those questions
where you must write an answer, it is important that your answer be clear
and complete and that you show all of your work since partial credit may
be awarded. The last two questions may each require 5 minutes or more to
think about and answer. After each question, fill in the oval to indicate
whether you used the calculator. If you are asked to round your answer, do
not round any numbers except your final answer.

Julie wants to build a doghouse like the one shown in the picture above.
She has asked you to help her build the doghouse.

The kit you have been given contains a model of a doghouse like the one
Julie wants to build. Please put the model together now by following these
instructions.

1. Separate pieces A and B from the paper. Do not separate any other
pieces from this paper until you are told to do so.

2. Fold up the four walls on piece A so that they form right angles with
the rectangular floor.

3. Fold the roof (piece B) in half, and set it on top of the house. The
edges of the roof will extend slightly beyond the walls.

Note: When Julie builds the house, the roof will be made up of two
identical pieces of wood, since wood cannot be folded the way you
folded the piece of paper just now to make the roof.

You may also use your calculator and ruler/protractor to help answer the
questions in this part.
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Question 1. lldentifying needed information. The first actual question the students
encountered asked them to consider whether each of five different measurements would help
Julie determine whether the finished doghouse will be large enough to accommodate her dog.
The question was designed to assess content from the Geometry and Spatial Sense content
strand and the mathematical ability Conceptual Understanding. Students were asked to reply
"yes" or "no" to the utility of each of the measurements, and each response was scored
"correct" or "incorrect." Only measurement "d" contained specific mathematical language
(i.e., "rectangular").

1. Consider each of the following measurements. Will knowing the
measurement help Julie to determine whether the doghouse she plans
to build will be large enough for her dog to sleep in and to go in and
out of comfortably? (Answer "Yes" or "No" for each part.)

a. The length of the floor

b. The height of the house

c. The weight of the house

d. The width of the rectangular floor

e. The width and height of the door's opening

0 Yes 0 No
0 Yes 0 No
0 Yes 0 No
0 Yes 0 No
0 Yes 0 No

Student performance information for this question is presented in Tables 3.13 and 3.14.
The data in Table 3.13 summarizes the percentage of students by the number of measurements
correctly identified as useful in helping Julie determine whether the doghouse would
accommodate her dog; Table 3.14 details the percentage correct scores for individual
measurements. Students appear to have done relatively well on this question. Fifty-five percent
of the students correctly evaluated the utility of each of the five measurements, and 23 percent
evaluated four of the five measurements correctly.
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Table Mg3
Score PercenFoges f ©P

"Identifying Needed finformogion," Oracle 8

THE NATION'S
REPORT

CARD

5 Correct 4 Correct 3 Correct 2 Correct 1 Correct 0 Correct Omit

Grade

All Students 55 23 9 6 6 1 0

Males 51 24 10 6 7 1 0
Females 60 22 7 6 4 0 0

White 62 20 7 5 5 1 0!
Black 34 30 14 10 10 1 1

Hispanic 35 37 13 7 6 1! 0
Asian/Pacific Islander 73 16 5! 4 1! I! 0!

American Indian * * * *** *** *** ***
1

.

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Table
Percentages Correct 6 r

"Identifying Needed Inform:ellen," Grade

THE NATION'S
REPORT

CARD

la Yes lb Yes Id Yes Yes

Grade

All Students 90 86 72 82 83

Males 87 85 69 79 81

Females 92 87 76 86 85

White 91 88 77 85 86
Black 82 77 58 70 74

Hispanic 86 83 61 79 74
Asian/Pacific Islander 98! 94 84 86 90

American Indian ***
i.

***Sample size is insufficient to permit a reliable estimate.
Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The data in Table 3.14 show that, in general, students appear quite knowledgeable about
the use of each of these measurements: that is, for each measurement more than 70 percent of
students were able to assess correctly whether the measurement would help Julie. Students had
more difficulty correctly assessing what appeared to be more complicated or more formal
measurements. For example, they were better at assessing correctly whether the "length of the
floor" or the "height of the house" would be helpful than they were at assessing the usefulness
of the "width of the rectangular floor" or the "width and height of the door's opening."
Interestingly, students had most difficulty determining whether the "weight of the house" would
be a helpful measurement, or they may have been inclined to answer "yes" to measurement "c"
because "yes" was the correct answer to each of the other measurements presented.

g4141
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Question 2. Determine minimum measuring needed. In the second question, students were
first given information about the pieces that made up the doghouse four walls, two roof
pieces, and the floor. They were then told that some of the pieces were exactly the same size
and shape, and that Julie did not want to measure all of the pieces, if not necessary. Students
were presented with the problem of determining the smallest number of individual pieces Julie
would need to actually measure in order to have the information she needed to cut out all of the
pieces for the doghouse. The question was classified as a Geometry and Spatial Sense question
and was designed to assess. Conceptual Understanding.

In order to answer this question correctly, students could use either the model of the
doghouse or the push-out pieces to determine that there were three matched pairs among the
seven pieces that Julie needed to cut; therefore, she only needed to make four unique
measurements. The problem was simplified if students realized that they did not need to
actually measure any of the pieces themselves.

2. Seven pieces four walls, two roof pieces, and the floor make up
the doghouse. Since some of the pieces are exactly the same in size
and shape, Julie does not need to measure every piece. She can
measure and cut a piece and then make identical pieces without
measuring by tracing an outline of the cut piece onto the wood and
then cutting out the traced shape.

How many of the seven pieces does Julie need to measure before she
cuts?

0 Two

CD Three

0 Four
C) Five

CD Seven
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Information on student performance on this multiple-choice question is presented in
Table 3.15. Forty-two percent of the students were able to correctly identify four pieces as the
correct response. The second highest percentage, 24 percent, chose Option B, three pieces.
There are a number of reasons that students could have chosen three pieces. This is the answer
students would arrive at if they assumed that all the walls were the same size, the two roof
pieces were of the same size, and the floor was of a size different from the walls or roof pieces.
This would also be the correct response if students assumed that they could use the two
adjacent walls to trace out the floor and therefore did not need to measure the floor piece itself.

Table
POTC6'Biir ge Coffee 1®r "Degerunine Minimum

Measuring Mee ed," Grade

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 42

Males 40
Females 43

White 46
Black 28

Hispanic 32
Asian/Pacific Islander 37

American Indian ***

***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Question 3. Measure len hs using ruler. The third question asked students to actually
measure, in inches, the pieces of the model doghouse that they put together initially. For
example, students were told to measure "the longer side of the rectangular floor." This meant
that the student had to know what a "rectangular floor" was, determine which was the
"longer side," and use the ruler correctly to measure. This question was designed to assess
Measurement content and Procedural Knowledge.

3. The model of the doghouse that you put together is a smaller version
of the actual house. Measure the following lengths, in inches, on your
model and record your results in the spaces below.

Longer side of rectangular floor

Shorter side of rectangular floor

Height from floor to highest point
of roof

inches

inches

inches
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The responses to this question were scored on a 3-point rubric: "complete," "partial,"
and "incorrect." As shown below, a "complete" response gave three correct measurements: two
inches for the longer side of the rectangular floor, one-and-one-half inches for the shorter side of
the rectangular floor, and two inches for the height from the floor to the highest point of the roof.

Oannop Re 66eompllege99 Tezipanuze

3. The model of the doghouse that you put together is a smaller version
of the actual house. Measure the following lengths, in inches, on your
model and record your results in the spaces below.

Longer side of rectangular floor ok inches

Shorter side of rectangular floor 1.5 inches

Height from floor to highest point
of roof v

A "partial" response provided only one or two correct measurements in inches. In the
sample "partial" response shown, it appears that the student may have been careless in
conducting the measurements and used the centimeter side of the ruler to measure the longer
side of the rectangular floor, arriving at 5 (centimeters rather than inches). The remaining
dimensions were measured correctly in inches.

Oeurrarplle 66prangatt1199 nrapeayse

3. The model of the doghouse that you put together is a smaller version
of the actual house. Measure the following lengths, in inches, on your
model and record your results in the spaces below.

Longer side of rectangular floor 5 inches

Shorter side of rectangular floor / 3/4 inches

Height from floor to highest point
of roof 1 inches
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Finally, an "incorrect" response gave no correct measurements in inches. The
measurements in the sample "incorrect" response appear to have been measured in centimeters
rather than inches. It is not clear if the student did not understand the difference between
centimeters and inches or if the student simply was careless and used the wrong side of the
ruler to conduct the measurements.

Sample "Stac000Teeti99 a'cEnSas atm

3. The model of the doghouse that you put together is a smaller version
of the actual house. Measure the following lengths, in inches, on your
model and record your results in the spaces below.

Longer side of rectangular floor S inches

Shorter side of rectangular floor a inches

Height from floor to highest point
of roof inches

Student performance information on this question is presented in Table 3.16. The modal
score for the responses was "complete" (46%) with similar percentages of responses scored
"partial" and "incorrect" (23% and 22%, respectively).

W5
Score Percentages for

sure Lengths Using Ruler," Grade 8

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

46 23 22 8All Students

Males 46 22 23 8

Females 47 24 21 8

White 54 21 18 6

Black 17 31 34 17

Hispanic 36 25 31 8

Asian/Pacific Islander 48 24 25 2!

American Indian *** *** ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Question 4. Apply concept of ratio. The fourth question was prefaced by a scale that
showed an inch representing 11/2 feet (18 inches). Students were asked to explain how they would
use the scale to determine in feet the measurements they obtained in inches in Question 3.
Students were also told that they were not required to find the actual measurements; that is,
students were simply being asked to provide an explanation of the procedure they would follow
to convert measurements in inches to measurements in feet when given the conversion scale.
This question was classified as a Number Sense, Properties, and Operations question and was
designed to assess Conceptual Understanding, specifically, of the use of ratios.

1 inch represents 11 feet (18 inches)

4. Explain what you would need to do to each of your measurements in
question 3 to find the measurements in feet of the actual house.

(You do not have to find each of the actual measurements.)

Responses to the question were scored using a 3-point rubric: "complete," "partial,"
and "incorrect." A "complete" response provided an explanation of the correct procedure for
translating the inches into feet using the scale provided. The sample response shown below
describes that procedure in one sentence. Although not necessary, it also provides the
measurements in feet.

Naampae 66corooplIeri99 frespanage

You nmy5-1-. Aujlig "PINQ ANZ6Uctletk, CIFC41O0u5

9U-eci80n) by 1.5 gam. {4ve_ °feet

54f.
el, 02 la).544

3, 3 -C-*
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Responses were scored as "partial" if they met any of the following criteria:

O the correct procedure for finding the measurements in inches rather than feet;

o the correct procedure using one of the measurements from Question 3, but not
generalizing to the other measurements;

o the three correct measurements in feet, but no explanation of the procedure; or

o an example of the correct procedure using one of the measurements in Question 3
multiplied by 18, 1.5, or 18/12.

The "partial" response that follows provides a procedure for finding the measurement in inches
rather than feet.

S mple "partial" response

I IhC l re,?Y5-e ni 5 ILA 3@i. +lie- Y1 w) eh vu lericcesQyzo

36154' 1 Ncti fo IT i4dtf,

An "incorrect" response met none of the previous criteria. The following "incorrect"
response begins with an attempt to explain how to solve the problem, "To find the actual
measurements...," and ends the sentence with the general procedure to convert inches into feet
with no reference to use of the scale provided.

Sample "incorrect" response

Oa 41;7d 'Ott- actual trazuktiettadvd70, yati 4)60.0.d ivocii

auldtruberd a imatibetz, Itheti Oge.,42 Ob%0)016

infattd &mold

Student performance data for this question are presented in Table 3.17. Fourteen
percent of the students were able to provide "complete" responses; however, 45 percent of
students were not able to provide even a partially correct answer. It is not clear whether
eighth-grade students do not understand how to use a scale, or whether they cannot explain in
words a general mathematical procedure, or both. Nevertheless, there is certainly hesitancy on
the part of many students to attempt to respond to a question like this because a fifth of the
students chose not to attempt to answer this question at all.
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Table &`ElY

THE HATION'S

Sc©r Percengoses gor "Ago lly Concep © &eh:), I/ REalliiTj

Gracile 8

Complete Partial Incorrect Omit

Grade

14 17 45 21All Students

Males 14 16 44 24
Females 15 19 46 18

White 17 21 44 16
Black 3 6 53 36

Hispanic 8 10 49 31

Asian/Pacific Islander 22 21 40 16
American Indian ..

1

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or o rounding, or both.
***Sample size is insufficient to permit a reliable estimate
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Question 5. Understand concept of ratio (11). The fifth question students encountered was a
multiple-choice question classified in the Number Sense, Properties, and Operations content
strand that was designed to assess Conceptual Understanding, specifically of the use of scales
and ratios. The question asked students to select, from among five options, the scale that would
produce the largest doghouse. There are a number of different strategies students could use to
solve the problem and thereby select the correct option. One strategy, for example, would
involve referencing all of the scales to the same number of inches; that is, convert all of the
scales so that each indicates the number of feet represented by one inch. The scale with the
largest number of feet is then the correct response. Some students also could have been able
immediately to see ways to eliminate certain options before doing any computations.
For example, some students may have seen that Option D would produce a larger doghouse
than Option E, and that Option B would produce a larger doghouse than Option C, and
therefore eliminated Options E and C at the outset.

5. Of the following scales, which one would produce the largest
doghouse?

0 2 inches on model represents 5 feet on actual house.

0 1 inch on model represents 3 feet on actual house.

Co 1 inch on model represents 11 feet on actual house.

O 2 inch on model represents 1 foot on actual house.

O linch on model represents a foot on actual house.
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Student performance data on this question are presented in Table 3.18. Just over a
third of the students were able to select the correct scale that would produce the largest
doghouse, Option B. Forty-seven percent of students selected Option A. From this high
percentage, it appears that many students did not know how to use scales, and consequently,
used other reasoning in selecting their answer. Option A has both the largest number of inches
and the largest number of feet, so it appears that many students may have simply selected that
option because it had the largest numbers. It is not clear, however, from students' choices,
whether they have little or no understanding of scales or simply do not know how to compare
differing ratios.

Table
Percen t ge Correct for

"Understand C ncept ©f Ratio (11)," Grade 8

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 35

Males 39
Females 31

White 38
Black 21

Hispanic 27
Asian/Pacific Islander 42

American Indian ***

***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 6. Understand concept of ratio (II). In the sixth question, students were provided
with a scale they were to use in answering the question and were asked to indicate, based on
the scale provided, how much taller the actual doghouse would be compared to the model.
This question also was designed to assess Conceptual Understanding, specifically the use of
scales and ratios, and content from the area of Number Sense, Properties, and Operations.

6. The height of the actual
height of the model?

CD

1 inch represents 11' feet (18 inches)

tall as thehouse will be how many times as

CD 9

© 18

C) 24

C) 27

If, in answering the question, students understood the use of scales and also realized
that they should be comparing inches to inches rather than converting the height of the actual
house to feet, the correct response, Option C, would be straightforward. That is, they would see
that an inch on the model represents 18 inches of the actual doghouse, and that therefore the
actual doghouse would be 18 times as tall as the height of the model. Student performance data
on this question are presented in Table 3.19. Thirty-five percent of the students were able to get
the correct answer. The next highest percentage of students, 26 percent, selected Option A,
which specified that the actual doghouse would be one-and-a-half times as tall as the model. It
may be that this option attracted students who did not think about the metric in which the height
was being measured, or they may have been drawn to it because of the repeated number (11/2).
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Fermin ge Coffee for
ers ind Coroce t ®a R gio (II)," GrE. de

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 35

Males 34
Females 35

White 38
Black 24

Hispanic 30
Asian/Pacific Islander 39

American Indian ** *

***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Question 7. Correctly position door. The seventh question required students to trace the
correct position of the door opening onto a drawing of the front wall of the doghouse, using
push-out piece "C" as a template. Students were told how to position the door, using the
measurements of the actual doghouse, and given a conversion scale for the model pieces. In
addition, they were cautioned that this conversion scale was not the same as the one used in the
previous question. This question was classified as a Geometry and Spatial Sense question and
was designed to assess Problem-Solving ability.
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. You will now need piece C to answer this question. Separate piece C from
the paper.

2 inches represents 1 foot (12 inches)

Piece C represents a scale model of the door for the doghouse. The front wall of the
doghouse, shown below, as well as piece C has been drawn to a different scale than the
one used in the previous question. The scale is 2 inches represents 1 foot.

On the drawing below, use piece C to locate the door on the wall so that it will be 1foot
above the floor level of the doghouse (to keep the water out) and centered exactly
between the vertical edges of the wall. When you have correctly positioned the door,
trace its location on the drawing. (Disregard the thickness of the wood that will be used
to build the doghouse.)

Floor
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In order to solve this problem correctly, students had to convert half-a-foot above the
floor level to one inch above the floor line on the drawing of the front wall. There were several
strategies students could use to center the door opening. One of the simplest is to measure both
the width of the front wall and the width of the door opening, find the centers of both, and align
the centers. Finally, the student had to be able to trace the door opening in the correct position.

The responses to this question were scored on a 3-point rubric: "complete," "partial,"
and "incorrect." "Complete" responses had the bottom of the door opening positioned between
and including 0.906 to 1.064 inches above the floor and the sides of the door opening
positioned between and including 1.142 to 1.314 inches from the side edges of the front wall.
A "complete" response follows.

SeaDDVae 6600M lege99 resipantme
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A "partial" response either had the door centered correctly but not located an inch
above floor level, or located an inch above the floor level but not centered correctly. The door
opening in the "partial" response shown below is correctly centered but only half an inch above
the floor of the doghouse. Although the exact reason for this mistake is not clear, the student
appears to have forgotten about the scale and instead erroneously translated the half-a-foot
instruction into half an inch on the drawing.

Omar/az 66parnorticaU99 rregyouage

;1
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Responses scored as "incorrect" met none of the criteria mentioned above. In the
following "incorrect" response, the door opening appears to be a free-hand drawing that is larger
than the push-out, less than an inch above the floor, and not centered properly. If the drawing
shown was actually traced, as required by the question, the tracing was rather imprecise.

Oad=p)Ile 6611t1IlQ.°oDome1t99 irezipenase
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Information on how students performed on this question is presented in Table 3.20.
Almost a fifth of the responses were scored as "complete," and 44 percent were scored
as "partial."

Table &K) Score Percen
THE NATION'S

ges kr "Cormcgily C'osigion Door," RE CPAoFIR DT

Grade
PERp

Complete Partial Incorrect Omit

Grade

All Students 19 44 26 10

Males 16 42 29 13
Females 21 46 24 8

White 23 45 25 7
Black 5 40 31 24

Hispanic 11 43 30 16
Asian/Pacific Islander 14 40 32 15

American Indian
1

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or o rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 8. Visualize cut-outs on grid. The eighth question that students encountered was
classified as a Problem-Solving question in the Measurement content strand. Students were
instructed to use the seven pieces of the doghouse the four walls, two roof pieces, and the
floor to help answer the question. They were presented with a scale, told that the plywood
sheets from which doghouse pieces would be cut were four feet wide by eight feet long, and
provided with drawings of three plywood sheets. (Only one piece is shown here.) The students
were further told that the pieces of the doghouse and the representations of the plywood sheet
were all drawn to the same scale. Students were asked to trace the doghouse pieces onto the
drawings of the plywood sheet in order to demonstrate the fewest number of plywood sheets
needed to cut out all seven pieces of the doghouse.

Not shown to size

8. Separate the remaining seven pieces from the paper, and use only
those seven pieces to help you answer the following question.

1 inch represents 11 feet (18 inches)

Julie plans to use plywood to build her doghouse, using the scale
above. The plywood is sold in rectangular sheets that are each 4 feet
wide and 8 feet long. She wants to determine the fewest number of
sheets that she will need.

On the grids below and on the next page, the plywood sheets have
been drawn to the same scale as the seven pieces. Show how the
seven pieces (four walls, two roof pieces, and the floor) could be cut
from the plywood sheets so that the fewest number of sheets are
used. This should be done by tracing the pieces on the sheets.

(Note: There may be more sheets shown than you will need to use.)

4 Li
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The responses to this question were scored with a 3-point rubric: "complete," "partial,"
and "incorrect." The fewest number of plywood sheets needed for the seven pieces was two. A
"complete" response was one in which the seven pieces were correctly drawn onto two plywood
sheets. Responses that showed two side pieces, two front or back wall pieces, or two roof pieces
drawn as one piece but correctly labeled were considered correctly drawn. Although students
were not required to label the pieces, if they did so incorrectly, their responses were not scored
as "complete." The following "complete" response is just one of several configurations that
would accommodate the seven pieces on two plywood sheets.

Oaairapae 660®T) ligiede99 irezilvemze
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Responses meeting one of the following criteria were scored as "partial":

O six of the seven pieces correctly traced on two sheets with the seventh piece missing;

o six of the seven pieces correctly traced on two sheets with the seventh piece drawn
incorrectly, but the seventh piece is not the door opening (piece "C") or a duplicate
piece already accounted for; or

o seven pieces correctly traced on to two sheets, but also piece "C" drawn on one of the
two sheets or on a third sheet.
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If pieces were labeled incorrectly, responses were still scored as "partial." In the
"partial" response shown below, the student appears to have drawn one of the side walls larger
than the push-out piece provided.

gaama Dae 66paaportileaU99 Tezpooge
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An "incorrect" response is one that used three sheets, had drawings of pieces that
appeared to be freehand or not drawn to scale, or included more than one of any of the seven
requisite pieces. In the "incorrect" response shown below, it is apparent that although the roof
pieces, front wall, and back wall were traced, the side walls and floor were drawn freehand and
were not of the correct size.

Soma tie 66finseeirireett99 iresponse
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As the data in Table 3.21 show, 48 percent of the students understood and correctly
solved the problem. This was a problem where few students provided responses that were
scored as "partial." That is, if students were able to correctly trace and position six of the seven
pieces, it was uncommon for them not to succeed with the seventh piece as well. A substantial
percentage of the responses, 36 percent, were scored as "incorrect." In addition, 10 percent of
the students chose not to attempt this question.

Table MI]
THE NATION'S

Scare Percenlages f7 ®u "Visualize CuA-Ougs on Grid, R El=
Gracie "

Complete Partial incorrect Omit

Grade

All Students 48 7 36 10

Males 43 8 37 12
Females 54 6 34 7

White 56 7 30 7
Black 20 2 58 20

Hispanic 36 6 45 13
Asian/Pacific Islander 45 11 34 10

American Indian *** *** * ** ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 9. Apply geometry in model. The ninth question was a multistep question classified
as Problem-Solving and designed to assess content from both the Algebra and Functions and
the Geometry and Spatial Sense content strands. In the introduction to the problem, students
were told that they were required to show how they solved the problem and to explain their
reasoning process. A scale that students had seen in previous problems was provided. The
question began with a definition of the pitch of a roof. Students were told that Julie had read
that the optimal pitch for best air flow was 30°, and that the pitch of the model doghouse was

53°. They then were asked to determine the number of feet by which the height of the actual
doghouse would decrease if Julie decreased the pitch from 53° to 30°.

This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another person
could read it and understand your thinking. It is important that you show
all of your work.

1 inch represents 11 feet (18 inches)

9. The drawing below shows a wall of Julie's doghouse. The pitch is
defined as the slope of the roof; it can also be described as the angle
formed between the roof and a horizontal line, as shown in the
drawing.

Pitch Pitch

The pitch of the roof in the drawing is slightly more than 53 degrees,
which is the same as the roof pitch on your model.

Julie read in a book that the best air flow inside a doghouse occurs
when the roof pitch is 30°. If the height of the doghouse is measured
from the floor to the highest point on the roof, by about how many
feet is the actual height of the doghouse decreased when the pitch is
decreased from 53° to 30°?

Show how you got your answer. (You may find it helpful to mark on
the drawing.)
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Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics ST



To solve the problem, students needed to understand the definition of pitch and be able
to draw a new roof slope based on a pitch of a different degree. That is, they needed to know
what an angle is, what a horizontal line is, and how to use a protractor to measure an angle.
Finally, students needed to know how to use the scale provided to convert measures on the
drawing of the model to measures of the actual doghouse. Responses to this question were
scored using a 4-point rubric: "satisfactory," "partial," "minimal," and "incorrect." The
responses were scored on the presence of three attributes:

1. correct indication of the 30° angle on the drawing;
2. correct measurement of the height of the old doghouse, the height of the new

doghouse, or the sides opposite the 30° angle in the right triangle; or correct
subtraction or measurement to obtain the difference between the heights of the
old and new doghouses; and

3. correct conversion of the decrease in height from inches to feet using the scale
provided.

A "satisfactory" response included all three of the attributes detailed above. The
sample "satisfactory" response shown has the correct indication of the 30° angle on the
drawing, the correct measurement (with explanation) of the decrease in the height of the roof
from the old to the new, and proper conversion of inches to feet using the scale provided,
resulting in the correct answer of 3/4 of a foot.
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A "partial" response had two of the attributes detailed above. The following "partial"
response has the 30° angle correctly measured and drawn and has the correct measurements of
the old and new heights for the full-scale doghouse shown in inches. The response also
includes the decrease in the height but leaves it in inches and does not carry out the conversion
to feet.

araargale 6 pv crapottlicrall" ireoponse

108
Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics SS



A "minimal" response has one of the correct attributes. The sample "minimal" response
shows a correct measure of the new height of the model doghouse. It also includes the decrease
in heights of the old and new models but does not show or mention the use of the 30° angle and
does not convert inches into feet using the scale provided.

&compile 669amromall" rresrp age

An "incorrect" response had none of the correct attributes. The sample "incorrect"
response shows little understanding of how to approach solving the problem.

Samp "incorreed" response
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The data in Table 3.22 show that nearly half of the responses from students were
scored as "incorrect." Furthermore, only 22 percent of the responses received any credit, and
24 percent of the students chose not to attempt to solve this problem at all.

Table Scare Percen' ges g r "Apply Geornefry Berl
Grade 8

THE NATION'S
REPORT

CARD

Satisfactory Partial Minimal incorrect Omit

Grade

All Students 2 6 14 49 24

Males 1 6 13 47 28
Females 2 7 14 52 19

White 2 8 16 47 21
Black 0! 0! 6 60 32

Hispanic 0! 4 8 53 32
Asian/Pacific Islander *** *** *** *** ***

American Indian *** *** *** *** ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
*** Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 10. Find maximum area when perimeter is fixed. The final question was classified
as a Measurement question and was designed to assess Problem-Solving ability. Students were
introduced to this question with information about what was required of their responses. Then
they were presented with the problem. They were told that Julie wanted to build a fence around
a section of the yard for her dog and that she was able to purchase 36 feet of fencing. They also
were told what the enclosed area should look like (i.e., a rectangle with whole number lengths).
Students were asked to determine the largest area that Julie could enclose with her fencing and
to show work that would convince Julie that their solution had indeed yielded the largest area.

This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another person
could read it and understand your thinking. It is important that you show
all of your work.

10. Julie wants to fence in an area in her yard for her dog. After paying for
the materials to build her doghouse, she can afford to buy only 36 feet
of fencing.

She is considering various different shapes for the enclosed area.
However, she wants all of her shapes to have 4 sides that are whole
number lengths and contain 4 right angles. All 4 sides are to have
fencing.

What is the largest area that Julie can enclose with 36 feet of fencing?

Support your answer by showing work that would convince Julie that
your area is the largest.

To answer this question students needed to know what a rectangle is; have a conceptual
understanding of the fact that rectangles with the same perimeter could have different areas;
and be able to calculate the area from the length and width of the sides of the rectangle. This
question was scored on a 5-point scale: "extended," "satisfactory," "partial," "minimal," and
"incorrect." An "extended" response needed to provide the correct answer of 81 square feet
along with evidence that all length/width combinations had been considered in determining
the largest area enclosed. The sample "extended" response clearly explained that the largest
rectangular area of perimeter 36 feet would be a 9-foot square, which provides an area of
81 square feet. It also included a table that listed all the possible combinations of widths and
lengths that would result in a perimeter of 36 feet, thus providing evidence that could
"convince Julie" and also showing that the student clearly understood the relationships between
the lengths of the sides of the rectangle, perimeter, and area.
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"Satisfactory" responses indicated that the 9-by-9 square has the maximum area of
81 square feet; indicated that another rectangle has the maximum area, due to a mathematical
error in the accompanying work; or contained calculations for all nine rectangles (i.e., widths of
1 though 9) but did not specify the maximum area. The sample "satisfactory" response shown
correctly designates the rectangle with largest area; however there is a computational error in
the supporting work.

Oaanaaplie 66zcrargiamolefro99 TezNamse

113

11041 Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



A "partial" response was one that a) showed at least three different rectangles with their
dimensions and areas and might have included an indication that one of those rectangles yielded
the maximum area, or b) indicated that the 9-by-9 square had the maximum area of 81 square
feet, but showed no accompanying work. The "partial" response shown below specifies the
correct rectangle and area (although the area units are incorrectly labeled as "feet" rather than
"square feet"), but the work shows no consideration of other possible rectangles.

Sample "partial" response
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A "minimal" response must have included some evidence of understanding that area
and perimeter formulas for rectangles were needed to solve the problem and might have
included an attempt to organize the data. The sample "minimal" response shows that the
student had an understanding of using the 36-foot-long fencing to form a rectangle, but was
unclear as to the exact formula for calculating the area of that rectangle.

OaannarpUe 66anatiffatiorna199 Tea wane

An "incorrect" response had none of the preceding criteria. Although it is not definitive
from the "incorrect" response shown, it appears that the student knew how to calculate the area
of a rectangle, but did not fully understand the task explained in the problem, since the
perimeter of the student's rectangle does not equal 36 feet.
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115

1100 Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



Student performance data are presented in Table 3.23. Less than one-half of one
percent of the responses were scored "extended" or "satisfactory." A third of the responses
received at least minimal credit, while 38 percent were scored as "incorrect." A large
percentage of students, 27 percent, chose not to attempt this question. .

Table Tb&3

THE NATION'S

Scare Percerisages f©r "Find 1141a.z5onagun Area When REMIT PEEP
Perimeger n§ Filed," Grade 8

Extended Satisfactory Partial iliiinimal Incorrect Omit

Grade

0 0 29 4 38 27All Students

Males 0 0! 28 4 35 30
Females 0 0 29 3 40 23

White 0 0! 34 4 38 21

Black 0! 0! 10 2 40 45
Hispanic 0! 0! 13 2 37 44

Asian/Pacific Islander *** ***
American Indian *** *** *** *** *** ***

1

NOTE: Row percentages may not to al 100 due to responses rated "Off Task" or o rounding, or both.
*** Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Twelfth-grade students who participated in the Theme Study were similar demographically to
students who participated in the national NAEP assessment in mathematics. The data in
Table 3.24 show that similar percentages of male and female students participated in each
of the samples; the majority of students were White students; and the modal response from
students regarding their parents' highest level of education was "graduated from college." In
addition, the large majority of twelfth-grade students were from public schools, very few
students were part of the Title I program, and about 10 percent of students were eligible for the
federal Free/Reduced-Price Lunch program.

Teachers of twelfth-grade students were not surveyed either in the main NAEP
assessment or in the Theme Study. Therefore, the information presented on classroom practices
in Table 3.25 is based on responses from the twelfth-grade students themselves. Students in
each of the different samples indicated similar levels of frequency of writing about solving a
mathematics problem and of writing reports or doing a mathematics project. Notice that only
small percentages of students reported engaging in either of these practices with any frequency,
while 60-70 percent of students reported "never or hardly ever" doing so. In interpreting these
data, however, one must keep in mind that the "never or hardly ever" category also includes
responses from students not currently enrolled in mathematics. In the main NAEP assessment,
only 62 percent of grade 12 students indicated being enrolled in mathematics.

11 7
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Table ,Tiog3

THE NATION'S

Sgwdeng. Dernegra hic istrantions Assessmeng. REPORT
Grade 12, 199

CARD

Percentage Students

Main Assessment

Theme Block 1

Buying a Car

Theme Block 2

Flooding

Grade
Gender

Males 48 50 49
Females 52 50 51

Race/Ethnicity
White 70 69 69
Black 14 14 14

Hispanic 11 12 12

Asian/Pacific Islander 4 4 4
American Indian 1 0 0

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 6 7 7

Graduated From High School 19 18 20
Some Education After High School 25 26 27

Graduated From College 47 46 43
I Don't Know 3 3 3

Students who Attend...
Public Schools 88 89 88

Nonpublic Schools 12 11 12

Title I Participation...
Participated 2 2 2

Did Not Participate 98 98 98

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 13 10 10

Not Eligible 60 64 65
Information Not Availabile 27 26 25

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table

THE NATION'S

PercemPage og Stludevaz by aspouls CIcassu ©u BM" avzp
CARDPoeseaces, Grade D 2, D99,6*

Percentage Students

Main Assessment guying a Car Flooding

Grade T1

Students who Report Writing
a Few Sentences About How to
Solve a Mathematics Problem...

Nearly Every Day 6 6 7
Once or Twice a Week 12 13 13
Once or Twice a Month 18 19 18

Never or Hardly Ever 64 63 63

Students who Report Writing
Reports or Doing a

Mathematics Protect:.
Nearly Every Day 2 2

Once or Twice a Week 4 4 5
Once or Twice a Month 24 22 25

Never or Hardly Ever 70 72 69

* Teachers of twelfth-grade students were not surveyed in these assessments.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1 996
Mathematics Assessment.

Consgemtt off gilne 71Tamaae MaDeriez
As with grades 4 and 8, the two blocks of Theme Study questions at the twelfth-grade level also
were structured around engaging contexts. The released block involved buying or leasing a car,
a topic that is likely to be of interest to twelfth-grade students. The unreleased block had the
same context and many of the same questions as the unreleased block at the eighth-grade level:
It concerned the flooding of the Mississippi River during the summer of 1993.

Both of the Theme blocks at grade 12 included multiple-choice and constructed-response
questions. In the Buying-a-Car block, 2 of the 7 questions were multiple-choice. Four of the
remaining five constructed-response questions required the students to show how they solved
the problem. In the Flooding block, 4 of the 11 questions were multiple-choice, and in 4 of the
7 constructed-response questions, students were asked to show how they arrived at their answers.

OwenvaIII1 zth2aellegag fiDenlannnoaamee

Information on students' performance on the two Theme blocks is presented in Table 3.26.
The average percentage correct score is 41 percent for the Buying-a-Car block and 38 percent
for the Flooding block. On both of the Theme blocks, male and female students performed
similarly. However, on the Buying-a-Car block, White, Hispanic, and Asian/Pacific Islander
students outperformed Black students, and White students outperformed Hispanic students,
whereas on the Flooding block, White students outperformed Black, Hispanic, and Asian/Pacific
Islander students, and Asian/Pacific Islander students outperformed Black students. The sample
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of American Indian students for both Theme blocks was too small to permit reliable estimates if

their performance on either the blocks as a whole or on individual questions. Therefore, the
performance of American Indian students is not discussed.

In terms of the highlighted classroom practices, the levels of frequency of writing a few
sentences and of writing reports or doing a mathematics project were not found to be related to

student performance on the questions in the Buying-a-Car block. Performance on the Flooding
block, however, was found to have some relationship to the frequency of those classroom
practices, although not necessarily in the direction that one might predict. The data show that

students who "nearly every day" are asked to write a few sentences about how to solve a
mathematics problem were outperformed by students who indicated a lower frequency, and
students who indicated writing reports or doing mathematics projects "once or twice a week"
were outperformed by students who indicated a lower frequency. One can only speculate about
the reasons for these unexpected relationships. It is possible that they reflect ambiguities in
the meaning of phrases such as "mathematics projects" or other sources of inaccuracies in the
self-reported answers to the survey questions. Another possibility is that activities such as
mathematics projects and writing about how to solve mathematics problems are being used less
frequently in classes that enroll more high achieving students. Finally, it is possible, that
contrary to expectations, introduction of these types of teaching practices actually decrease
mathematics learning, perhaps by taking time away from more effective instructional activities.

1 2 0
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Table 3.26
THE NATION'S

Aver go Percentage Correct Scores by Theme Block, REPORT

Grade 12, p 996 CARD

Buying a Car Flooding

Grade 1J

All Students 41 38

Gender
Males 40 39

Females 42 37

Race/Ethnicity
White 46 44
Black 24 23

Hispanic 30 26
Asian/Pacific Islander 45 34

American Indian * **

Students Whose Teachers Ask
Them to Write a Few

Sentences About How to Solve
a Mathematics Problem...

Nearly Every Day 33 31
Once or Twice a Week 43 38

Once or Twice a Month 43 40
Never or Hardly Ever 41 39

Students Whose Teachers Ask
Them to Write Reports or

Do a Mathematics Project...
Nearly Every Day *** ***

Once or Twice a Week 37 31
Once or Twice a Month 42 40

Never or Hardly Ever 42 39
1

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The released Theme block at the twelfth-grade level is about buying versus leasing a car.
Unlike the released Theme blocks in grades 4 and 8, this block was not accompanied by any
supplemental materials other than a calculator. All of the materials or information needed to
solve the problems were provided in the questions themselves. The introduction to the block of
items is shown in Figure 3.3. In this introduction, students were told about the expectation for
completeness of responses, given information that Question 5 in the block might require more
time for thinking and answering, told that they should indicate whether they used a calculator
on each question, and instructed to round only at the final answer when calculating. Then,
students were introduced to the context for the block of questions: A family is trying to decide
whether to buy a new car with a loan or to lease the car. Although familiarity with buying or
leasing a car might have some influence on students' comfort level with the questions in this
block, prior knowledge about buying and leasing cars was not essential to solving the problems.

Figure
introduction to "Buying a Car" Theme Block,

Grade 12, 1996

THE NATION'S
REPORT

CARD

This part has 7 questions. Mark your answers in your booklet. You will
have to fill in an oval or write your answer as directed. In those questions
where you must write an answer, it is important that your answer be clear
and complete and that you show all of your work since partial credit may be
awarded. Question 5 may require 5 minutes or more to think about and
answer. After each question, fill in the oval to indicate whether you used the
calculator. If you are asked to round your answer, do not round any numbers
except your final answer.

A family is trying to decide how to pay for the new car they want. Should
they buy the car with a loan or should they lease it? If they lease the car,
then they must return the car to the dealer at the end of the lease period. If
they buy the car, then at the end of the loan period the car belongs to them.
The monthly payments for the car, whether they buy it or lease it, will
depend upon the size of their down payment. If they make a big down
payment now, they will have smaller monthly payments, but they might
like to use the down payment money to buy something else. How will the
interest rate and the period of time for the loan or lease affect the total
amount they will pay?

All the problems on this test are related to financial questions similar to
those asked above that involve buying or leasing a car.
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Question 1. Find amount of down payment. In the first question, students were introduced to
Donna, who wants to buy a car, and were provided with the selling price of the car she wants to
buy, $16,500. They were asked to determine the required down payment in dollars, given a
down payment requirement of 20 percent of the selling price. This is a relatively
straightforward computational question that was designed to assess content from the Number
Sense, Properties, and Operations content strand and Procedural Knowledge. One way to
answer the question is to translate the 20 percent into the decimal 0.20 and then to multiply
the selling price by the decimal fraction. However, students could have used a number of other
strategies. For example, some students may have known that 20 percent is equivalent to
1/5 and multiplied the selling price by 1/5 or divided it by 5. Others may simply have used the
percent key on their calculators.

1. Donna decides to buy a new car that is selling for $16,500. If she is
required to pay 20 percent of the selling price as a down payment, what
is the number of dollars required for the down payment?

0 $330

0 $1,650

CD $3,300

0 $4,125

0 $13,200

The correct response to this multiple-choice question is $3,300, Option C.
Student performance information is presented in Table 3.27. A large majority of the students,
82 percent, were able to answer this question correctly.
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Table M71
SemenPage Correa km.

"Find Amoung. ©t Down PorraeM" G 21)de D2

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 82

Males 82
Females 83

White 86
Black 73

Hispanic 70
Asian/Pacific Islander 83

American Indian ***

*Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Question 2. Find total amount paid for car. In the introduction to the second question,
students were told that the information given was to be used in Questions 2 and 3. The
information included the $19,200 selling price of Bill's car; his down payment of $4,800; and
the duration of his loan, 36 months. In Question 2, students were asked to determine how much
Bill paid in total for his car, given the down payment and monthly payments of $451. This
question was classified as a Number Sense, Properties, and Operations question and was
designed to assess Procedural Knowledge. Like the first question, this was a relatively
straightforward computational question. The one difficulty that students might have had was in
realizing that the selling price of the car, $19,200, was extraneous to answering the question.

Questions 2-3 refer to the following information.

Bill purchased a new car that was selling for a price of $19,200. He paid
$4,800 as a down payment and obtained a 36-month car loan to finance the
remainder of the selling price.

2. If his monthly payments were $451, what was the total amount, including
the down payment, that Bill paid for the car?

O $11,436

O $16,236

O $19,200

0 $21,036

O $24,000 124

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics 1115



The data on students' performance presented in Table 3.28 show that a large percentage
(83%) of students were able to select the correct option, D. The second highest percentage of
students, seven percent, selected Option B, which is the number of dollars for the 36 monthly
payments of $451 without the down payment. Five percent of the students selected Option E,
which is the sum of the selling price of the car and the down payment.

Table
Percellvin e Correct goo

"Find p® ill mount? Paid F r Corr," Grrride Y.2

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 83

Males 83
Females 82

White 89
Black 62

Hispanic 74
Asian/Pacific Islander 77

American Indian ***

***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Question 3. Find erence between total amount paid and price. The third question builds
on the results of the second question: students were asked to indicate how much more Bill paid
for his car, that is, with the down payment and the loan, than the selling price of the car. This
question, like Questions 1 and 2, was designed to assess content from the Number Sense,
Properties, and Operations strand and Procedural Knowledge.

3. By how much did the total amount Bill paid for the car exceed the
selling price for the car?
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In order to answer this short constructed-response question correctly, students needed
to determine which numbers they needed for solving the problem and perform the subtraction
accurately. The question was scored simply "correct" or "incorrect"; that is, students were
not given partial credit for their work. To be scored "correct," the response must have been
$1,836 (that is, $21,036 $19,200). Any other response was scored as "incorrect."
Information on student performance on this dichotomously-scored question is presented in
Table 3.29; 80 percent of the students were able to determine the correct answer.

Table 3.29 Percentage Correct r err "Find Difference Between
Tata! rn ant Paid and Price," Grade F2

THE NATION'S
REPORT

CARD

Percentage Correct

Grade 11

All Students 80

Males 79
Females 80

White 86
Black 60

Hispanic 69
Asian/Pacific Islander 75

American Indian * * *

***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 4. Find amount to be &lane :II. The fourth question introduced the term "residual
value." Students were asked to determine the number of dollars that would be needed to
finance a two-year lease on a car, if the amount to he financed is the selling price minus the
sum of the down payment and the residual value of that car at the end of the lease period.
They were given the down payment, $1,500; the selling price of the car, $18,700; and were told
that the residual value of that car after a two-year lease was 53 percent of the selling price.
This question also was classified as a Number Sense, Properties, and Operations question and
was designed to assess Procedural Knowledge. Students were asked to show their work.

4. When leasing a new car, the amount to be financed is the amount
left when the down payment and residual value are subtracted from
the selling price. (The residual value is the value of the car at the
end of the lease period.) The residual value for a two-year-old car,
whose original selling price was $18,700, is estimated to be 53
percent of the selling price. If the amount of the down payment is
$1,500, what is the number of dollars to be financed for a two-year
lease? Show the work that led to your answer.

In essence, students were asked to use knowledge and skills similar to those that they
needed for the first three questions, only this time in combination, to solve a multistep problem.
The computational skills required to solve the problem were relatively simple; the difficult part
of the problem was in setting up the problem and determining the steps involved. One way to
solve for the amount to be financed is first to calculate the residual value, 53 percent of
$18,700 or $9,911; add that amount to the down payment to get $11,411; and, finally, subtract
that sum from the selling price to get $7,289.
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The responses to this question were scored on a 3-point rubric: "complete," "partial,"
and "incorrect." A "complete" response had the correct answer and showed an acceptable
process for getting to that answer. The sample "complete" response shows the process through
mathematical calculations.

Semple .6(EaDDinarpll,erie99 iremvapaze

(Mil 00) C t(
1563

The following types of responses were scored as "partial" responses:

O the correct residual value $9,911;

O the correct difference between selling price and residual value $8,789;

o an incorrect residual value, but with all calculations performed correctly for
example, finds 53 percent of $17,200, which is the selling price minus the down
payment, instead of 53 percent of the selling price;

o a correct procedure but work shown contains arithmetic errors;

o the correct sum of the residual value and the down payment $11,411; and

o the correct difference between the residual value and the down
payment $8,411.
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The sample "partial" response is an example of the correct difference between the
residual value and the down payment.

S mple 66partial99 respegaze

An "incorrect" response met none of the preceding criteria. The "incorrect" response
shown below contains evidence of some understanding of the process for solving the problem.
That is, it is not clear how the student arrived at 980.5, but if that were the residual value, when
added to the down payment of 1,500 and subtracted from the selling price of 18,700, the answer
obtained would be the 16,219.5 shown. The response nevertheless is scored as "incorrect."

Sample "incorrect" response
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Information on students' performance on this question is presented in Table 3.30.
Thirty-four percent of student responses were scored as "complete," and 31 percent were
scored as "partial."

Table 3.30 Score Perce, gas goo "Find Aunausn9
To Be Financed," Grade V2

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade {I

34 31 24 8All Students

Males 33 28 26 10
Females 36 34 22 6

White 39 30 22 6
Black 17 30 34 16

Hispanic 27 36 26 7
Asian/Pacific Islander 42 30 18 7

American Indian *** *** ***
1

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Asse'ssment.
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Question 5. Use formula to find total cost. The fifth question is prefaced with requirements
for the students about showing their work and explaining their reasoning. In the question,
students were asked to calculate the total cost of a car given the following information: a
formula for calculating monthly car payments, the selling price of the car, the down payment,
the amount to be financed, the annual percent rate of the amount to be financed, and the length
of the loan. Students also were given an approximate value to use for one of the quantities used
in the formula This question was classified as an Algebra and Functions question
and was designed to assess Problem-Solving ability.

This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another person
could read it and understand your thinking. It is important that you show
all of your work.

5. A formula used to calculate a monthly car payment is

MP = A

where MP is the monthly payment,
A is the number of dollars to be financed,
r is the annual percent rate (e.g., if the annual percent rate is

7%, then r is 0.07), and
n is the length of the loan in months.

Use the formula shown above to help calculate the total cost of
purchasing an $18,000 car if there is a down payment of $4,000 and
the remaining $14,000 is to be financed at an annual percent rate of
8 percent for 48 months.

Show the work that led to your answer.

Note: In your calculations, use 1.3757 as the approximate value of

(1 0.08 )48
12
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This problem was difficult because students needed to determine how to organize and
use the information provided in order to solve the problem. In other words, students needed to
know how to use a formula with variables to compute the monthly payments and how to
correctly substitute the approximate value provided in the "Note" into the formula. They also
had to recognize that the formula is for a monthly payment; because the question asks for the
total cost of purchasing the car, the monthly payment needs to be multiplied by 48 months and
added to the down payment in order to arrive at the total cost.

The responses to this question were scored with a 5-point rubric: "extended,"
"satisfactory," "minimal," "partial," and "incorrect." The scoring rubrics took into
consideration that the answers students gave may have differed because of rounding, although
students were told at the beginning of the block that they should not round in their calculations
until the final answer. Therefore, the following answers, if accompanied by evidence of correct
work, were all scored as "extended" $20,404.48; $20,404.41; $20,404.35; or $20,405.48.
The sample "extended" response has the correct answer, $20,404.48 and shows the
mathematical calculations done to arrive at the correct answer. The student first calculated the
monthly payment, using the approximate value, 1.3757, in the calculations; then calculated the
total payments by multiplying the monthly payment by 48 months; and, finally, calculated the
total cost by adding the total of the monthly payments and the down payment.

aZaDrqD1:1,2 66exttemalleall99 ffieggannse
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A "satisfactory" response was one that produced an acceptable monthly payment shown
in dollars and cents or produced a total cost derived from rounded values (e.g., using 0.0092
for 0.0091713 in the numerator of the monthly payment formula). The sample "satisfactory"
response provides an acceptable answer for the monthly payment, but fails to show the total
cost of purchasing the car. If the student had completed the calculations, a correct answer
would have been obtained.

Sample "satisfactong99 Tespeatze
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A "partial" response is one in which any of the following are correctly calculated and
indicated: the monthly payment using rounded values; the numerator in the brackets,
0.0091713; and/or the amount to be financed. The following "partial" response shows a
rounded monthly payment of $342. However, unlike the "satisfactory" response, this response
would have led to an incorrect final answer if the student had completed the calculations, due
to the intermediate rounding up to $342.

gananglle 66fivegatrtaan99 Teziparyssze

A "minimal" response is one that shows a correct substitution of the given values into
the formula. In the "minimal" response shown below, the student rounded the monthly payment
down incorrectly, made an error in multiplying that monthly payment by 48 months, and finally,
added the selling price of the car to the monthly payments rather than the down payment, to
arrive at a total cost for the car that was nearly double the $18,000 selling price.

Soma ligle "Dosibaimaa1199 remperase
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An "incorrect" response met none of the criteria mentioned above. In the sample
"incorrect" response shown below, the student relisted the information provided but did not
attempt any calculations with that information.

Occarag 66500aDirireett99 TeRpooze

The data on student performance on this question are presented in Table 3.31.
Twenty-three percent of the responses were scored at least "satisfactory," but 44 percent of the
responses were scored as "incorrect."

Table Roos Percengoges gor
"Use Format)) go Find Togo§ Cosg," Grads D2

THE NATION'S
REPORT gurgn,

CARO

Extended Satisfactory Partial iflinimal Incorrect Omit

Grade lJ

9 14 7 12 44 9All Students

Males 9 12 7 10 45 12
Female 8 16 8 14 43 7

White 10 16 8 12 40 8
Black 2 4 4 12 54 19

Hispanic 4 11 4 13 55 8
Asian/Pacific Islander 19 15 8 10 38 8

American Indian * * * ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or o rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Question 6. Find amount saved if leased. As students encountered Question 6, they were

provided with information that they were told would be relevant for Questions 6 and 7. This

information included formulas for computing the cost of leasing or buying a particular car and

for determining the amount of money for which the car could be resold after 4 years.
In the sixth question, students were told that Mary bought a car and sold it after

4 years. They were asked to determine the amount of money Mary could have saved if she had

leased the car for 4 years instead of buying it. This question was designed to assess content
from the Algebra and Functions strand and Procedural Knowledge. Students were instructed to
show how they solved the problem.

Questions 6-7 refer to the following information.

Mary is interested in leasing or buying a particular car model. She has
determined that the cost of leasing this car for 4 years is 0.78p + 450,
where p is the selling price. Mary has also determined that the cost of
buying this car, including finance charges, is 1.2p + 80. At the end of
4 years, when the car is paid off, it can be sold for 0.4p.

6. Mary decided to buy the car at a selling price of $20,000. She kept the
car for 4 years and then sold the car to recover some of the costs. If
Mary had decided to lease the same car for 4 years, what amount of
money would she have saved? Show the work that led to your
answer.

To solve the problem, students needed to understand how to use the formulas provided,

correctly substituting in the selling price of $20,000. Computing the cost of leasing is relatively
straightforward, 0.78(20,000) + 450. However, computing the cost of buying involved adding
the finance charges, 1.2(20,000) + 80, and also subtracting out the amount for which the car can
be sold at the end of 4 years, 0.4(20,000). Finally, students had to subtract the cost of leasing
from the cost of buying and reselling to get the answer of $30, the amount saved by leasing.
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The responses to this question were scored on a 4-point rubric: "satisfactory," "partial,"
"minimal," and "incorrect." Responses scored as "satisfactory" had the correct number of
dollars saved, $30, and showed an acceptable procedure for getting to that answer. The sample
"satisfactory" response shows the correct procedure for calculating the cost of leasing, then the
cost of buying and reselling, and, finally, the correct savings of $30.

frgaamoyZe "saattdsfaaeganv99 rreggargoe
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"Partial" responses satisfied one of the following criteria:

o both costs were correctly calculated, but the amount saved with leasing was
not specified;

o the cost to buy the car was calculated without subtracting out the amount gained from
reselling; or

o the correct amount saved, $30, was indicated, but the work involved in calculating
that number was not shown.

The sample "partial" response shown below includes the correctly calculated cost of
leasing and buying the car but fails to take into account the amount gained from reselling the
car; it therefore gives $8,030 as the amount saved by leasing.

OGIDnallDlle 66paggIfia099 treorponnze
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A "minimal" response is one in which the cost of either leasing or buying is correctly
calculated, or the cost to buy is correctly calculated but the gain from reselling is not taken into
consideration. The sample "minimal" response correctly calculates the cost of buying, and
although it has the correct formula for leasing, incorrectly calculates the cost of leasing.
Furthermore, in determining the dollars saved by leasing, the student failed to take into
account the amount gained from reselling.

Ocramglie 66Dnolitailanoca7J99 Tegpertaze
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An "incorrect" response satisfied none of the criteria mentioned above. The following
"incorrect" response correctly calculates a part of the formula for the cost of leasing, but goes
no further.

gaamapplle 66tfraconreett99 Teoprotize

oeo 0
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The information presented in Table 3.32 shows that the students did relatively well on
this question. Twenty-seven percent of the responses were scored as "satisfactory," and
23 percent were scored as "partial." This means that students at least were able to calculate the
cost of leasing and buying; in some cases the failure to include the gain from the resale was
probably an oversight rather than inability to understand how to solve the problem.

Table
Score ercenko es ,tpg- "Find Arnoung.

Saved N Le secs," Grade T12

THE NATION'S
REPORT

CARD

Satisfactory Partial Minimal Incorrect Omit

Grade 't1'

27 23 20 21 5All Students

Males 27 19 18 24 7
Females 27 27 21 18 3

White 33 24 20 16 4
Black 6 24 19 36 11

Hispanic 12 23 22 30 7
Asian/Pacific Islander 29 16 20 32 2

American Indian *** ***
1

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Question 7. Price lease vs. buy. In the seventh question, students were asked to find the
selling price of a car for which the leasing cost for 4 years and the buying cost with a resale
after 4 years are the same. As in the other questions in the question block, students also were
asked to show how they got their answer. This question was classified as an Algebra and
Functions question designed to assess Procedural Knowledge.

7. For the particular car model that Mary is interested in, determine the
selling price for which the car costs the same to buy and resell at the
end of 4 years as it costs to lease the car for 4 years. Show the work
that led to your answer.
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To answer this question most efficiently, students had to know how to set up an equation
that equated the cost of leasing with the cost of buying and reselling, and to solve for the selling
price of the car that would satisfy that equation. The responses to this question were scored
using a 4-point rubric: "satisfactory," "partial," "minimal," and "incorrect." A "satisfactory"
answer is one in which the students find the correct selling price of $18,500 either through
setting up and solving the correct equation or through trial and error. In the sample
"satisfactory" response shown below, the student wrote out the correct equation and calculated
the selling price correctly. The student also included computations to show that, with the
selling price of $18,500, both buying and leasing the car would cost $14,880.

S napie "sautisi edoirge9 response
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Responses scored as "partial" were those in which the correct equation was written out,
but not solved, or the correct selling price was obtained, but the work contained a
computational error. In the "partial" response shown, the correct answer is obtained, but there
appears to be some carelessness in writing out the computations. For example, in the original
equation, the student shows the resale price as being added to the selling price rather than
subtracted from it. However, in the next line of the solution, the student has correctly
subtracted the resale price after all.

Sample "perentiall99 response

9S15 ° (Ie;p atm) 4- .4

94" rt.) v rp 4-16
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"Minimal" responses included an equation without the resale price and therefore
arrival at a wrong answer; or use of the resale price, 0.4p, incorrectly in the algebraic
relationship. In the following "minimal" response, the student confused the equations for
leasing and buying the car, although the resale proceeds were correctly subtracted out from
what the student labeled as the cost of buying the car. The calculations were carried out
correctly but, of course, the wrong answer was obtained.

Sample "minimal" response
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An "incorrect" response is one in which none of the above criteria were satisfied. The
sample "incorrect" response used the selling price of the car mentioned in Question 6 and
therefore appeared to show that the student did not understand how to approach solving
this problem.

ganDopUe 66112ozenreer9 Teopermze
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Information on student performance on this item is presented in Table 3.33.
Sixteen percent of the responses were scored as "satisfactory," while 57 percent were scored
"incorrect." Student responses were more likely to be scored "satisfactory" than "partial" or
"minimal," suggesting that, if they understood the question at all, they were likely to carry
through to the final solution correctly.

Table Score Pecengages Gorr "Price Eeesse vs. Busy,"
Grade 2

THE NATION'S
REPORT

CARD

Satisfactory Partial aqinimal Incorrect Omit

Grade Ii

All Students 16 2 7 57 8

Males 17 2 7 52 11

Females 16 1 7 62 6

White 19 2 8 55 7
Black 4 1! 4 59 19

Hispanic 7 0! 3 66 9
Asian/Pacific Islander 18 3 14 57 2

American Indian * **

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
***Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The fourth-grade released Theme block was about planning a Butterfly Booth for the school's
science fair. Of the six questions posed, one was classified as measuring Procedural
Knowledge, the remaining five were classified as measuring Problem-Solving abilities.
Questions were designed to assess content in four content strands: Number Sense, Properties,
and Operations; Measurement; Geometry and Spatial Sense; and Algebra and Functions.
In addition to solving the problems, students were generally asked to provide explanations of
their answers, using mathematical computations, drawings, or words.

The following are findings of what students appear to know and are able to do based on
their performance on the questions in the Butterfly Booth block:

o A majority of fourth-grade students appeared to be familiar with centimeter
measurements and were able to measure using a ruler marked off in centimeters.
A substantial proportion of students, however, appeared not to understand what it
means to measure to the nearest centimeter.

o In most of the questions, students were required to solve a multistep problem.
Students appeared to have difficulty with multistep problems, even those that
required straightforward calculations at each step of the problem.

o Students appeared either to not understand what is meant by the word "symmetrical"
or not understand how to use grid paper to show symmetry in a drawing.

o Students appeared to be familiar with using proportions in reasoning but, in
many cases, they had difficulty carrying out proportional operations with
acceptable precision.

o With the exception of the first question, most students attempted to answer the
questions posed, even though large percentages produced responses that were scored
as "incorrect."

o Although students' explanations were often incomplete, most students attempted to
provide explanations for their answers.

o In many cases, students seemed to lack the mathematical knowledge needed to solve
the problems. In other cases, students appeared to understand the underlying
mathematics but provided incorrect or incomplete responses as a result of
carelessness, inexperience in writing out solutions to problems, or confusion over the
wording of the question.

The eighth-grade released Theme block was about building a doghouse. Of the
10 questions that students encountered in this block, 4 were designed to assess Conceptual
Understanding, 1 to assess Procedural Knowledge, and 5 to assess Problem-Solving ability. The
questions were classified in the content strands of Number Sense, Properties, and Operations;
Measurement; Geometry and Spatial Sense; and Algebra and Functions. In three of the
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questions, students were asked to write an explanation of how they solved a problem or to
describe a mathematical operation. The following are findings of what students appear to know
and are able to do based on their performance on the questions in the Doghouse block:

o Many eighth-grade students appeared to understand how to interpret and use
linear dimensions.

o Some students showed understanding of the use of scales and ratios; however, for
many students this understanding was not fully developed.

o Some students appeared to understand the relationship between perimeters and areas
but had difficulty applying these concepts in a relatively complex problem.

o Many students appeared to lack the depth of mathematical understanding required to
plan and execute solutions to the problems. Others appeared to have the requisite
conceptual and procedural knowledge, but were not careful in reading the problems
or precise in carrying out the operations necessary for solving them.

o Omit rates for the constructed-response questions were much higher than those
observed at grade 4, particularly for the two questions at the end of the block, which
also happened to be among the most difficult.

In the twelfth-grade released block, students were told that a family was considering
whether to buy or lease a car. Most of the questions involved evaluating the costs of one of these
options in relation to the other. Of the seven questions included in the block, six were designed
to assess Procedural Knowledge and one to assess Problem-Solving ability. Four of the
questions were classified as Number Sense, Properties, and Operations, and the other three
were classified as Algebra and Functions. The following are findings based on student
performance on the Buying-a-Car Theme block questions:

o Most students were able to solve problems involving simple computational skills.
However, some of these students seemed to have difficulty with more complicated
multistep problems, even those that required only simple computational skills at
each step of the problem.

o Many, but not nearly the majority, of twelfth-grade students appeared able to solve an
algebraic problem if they were given the equation and values for variables in the
equation. However, many students appeared to have trouble reading through a
relatively complicated word problem in order to isolate the information needed to
solve the problem completely.

At all rade levels, the frequency with which students engaged in writing a few
sentences about how to solve a mathematics problem, or engaged in writing reports or doing
mathematics projects, was examined in relationship to student performance on the Theme
blocks. Given the many recommendations to increase attention to extended-response problems
in the classroom, it is perhaps significant that no positive relationship was seen between these
two instructional practice variables and performance on the Theme blocks.
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The NAEP 1996 assessment of mathematics included a special study to examine the
performance of students at the eighth- and twelfth-grade levels who were taking or had taken
advanced courses in mathematics (hereafter referred to as the Advanced Study). The motivation
for the Advanced Study was an observation that the main NAEP assessment did not include
enough advanced mathematics questions to allow students with appropriate preparation to
demonstrate the full extent of their proficiency.

For example, the main eighth-grade NAEP assessment covers the standard content of
the basic eighth-grade curriculum. This means that most topics in the Algebra and Functions
content strand of the NAEP framework currently are assessed at the pre-algebra level that is,
with limited use of literal terms to represent variables and limitations on the types of
applications and formulas on which students can be assessed. However, a substantial percentage
of eighth-grade students are currently enrolled in first-year algebra. The main NAEP assessment
does not provide these students with sufficient opportunity to display what they know and are
able to do in algebraic situations. A similar situation exists at the twelfth-grade level, where
many students have taken pre-calculus or calculus, but are limited in what mathematical
proficiency they can display on the main NAEP assessment.

As a result, the National Assessment Governing Board (NAGB) and the National
Center for Educational Statistics (NCES) decided to undertake a special study to assess what
these "advanced" students could do as part of the NAEP 1996 mathematics assessment.
At the eighth-grade level, the questions in the Advanced Study focused on algebra, with a
special emphasis on examining what students know about various representations graphical,
numerical, symbolic, and written for algebraic concepts and relationships, and the
transformations among the various representations. At grade 12, the Advanced Study included
a more even distribution of questions from all of the content strands of the NAEP
mathematics framework.
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To qualify for the Advanced Study, eighth-grade students had to be currently enrolled in or
already have taken first-year algebra or a more advanced course such as geometry. Twelfth-grade
students had to be enrolled in or have already taken a pre-calculus course, a course equivalent
to pre-calculus, or a more advanced course such as calculus. These qualifying students
represented 21 percent of the student population at grade 8 and 24 percent of the student
population at grade 12. Students at participating schools who qualified but were not selected for
the Advanced Study were eligible for the main NAEP assessment, where their performance
could be directly compared to that of students with less rigorous preparation. (Appendix A
provides more detail on the sampling for the Advanced Study.)

At both grade levels, each student in the Advanced Study completed a special NAEP
assessment booklet that consisted of three blocks of mathematics questions: two Advanced
blocks and a block comprising questions selected from the main NAEP assessment. At the
eighth-grade level, the questions from the main NAEP were mostly from the Algebra and
Functions content strand, along with some questions from the Data Analysis, Statistics, and
Probability strand. At the twelfth-grade level, the questions from the main assessment covered
the more advanced content from the content strands of Algebra and Functions; Data Analysis,
Statistics, and Probability; and Geometry and Spatial Sense. The block of questions from the
main NAEP assessment was 15 minutes in length for both grade levels and was the first
cognitive block in the Advanced Study assessment booklet. At the eighth-grade level, the two
special blocks containing Advanced Study questions were each 20 minutes in length, whereas
at the twelfth-grade level, the Advanced blocks were each 30 minutes long. All students
participating in the Advanced Study were told they could bring their own calculators; students
who did not bring a calculator were provided with a scientific calculator.

enraaae LE§011ail Alahmarrace0 Ottaaaao

altbacgeatC Maeegwaname chareacterisgics
Table 4.1 compares the background characteristics of the grade 8 students in the Advanced
Study with the characteristics of the students who took the national NAEP assessment but were
not eligible for the Advanced Study. Table 4.2 includes additional data about students' school
types and their eligibility for income-related, school-based intervention programs.

The data in Table 4.1 reflect some differences between students who qualified for the
Advanced Study and those who did not. The percentage of female students was higher in the
Advanced Study than among the students who were not eligible for the Advanced Study.
In terms of racial/ethnic origins, greater percentages of White students and smaller percentages
of Hispanic students were in the Advanced Study. In addition, Advanced Study students were
more likely to have parents who had graduated from college.
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Table

THE NATION'S
REPORT

SPaselleue Degnographic Disgritnrlions, Grade 8, Y996 CARD

Percentage Students

Advanced Study

Plot Eligible for

Advanced Study

Grade

Gender
Males 48 53

Females 52 47

Students who Indicated Their
Race/Ethnicity as...

White 71 62
Black 14 18

Hispanic 6 13

Asian/Pacific Islander 6 6

American Indian 2 2

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 3 8

Graduated From High School 14 23

Some Education After High School 20 19

Graduated From College 58 38
I Don't Know 5 12

Home Environment Contains...
0-2 Types of Educational Materials 12 23

3 Types of Educational Materials 26 32
4 Types of Educational Materials 62 45

Students From...
Northeast 27 18

Southeast 17 22
Central 30 28

West 26 31

Students Live in...
Center City 36 34

Urban Fringe/Small City 39 35
Rural 25 31

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Paralleling the findings for parental education, the data on types of educational
materials in the home (newspapers, books, encyclopedias, magazines, etc.) show that students
included in the Advanced Study were more likely to have 4 such materials in their homes,
while students not eligible for the Advanced Study were more likely to have 0-2 or 3 of these
materials in their homes.

There were no differences in the proportions of Advanced Study or not eligible students
based on region or type of community.

StaaalleparthellaoaDU atlerataponrapilailez
The data in Table 4.2 de.scribe the types of schools students attended and present categorical
information about special programs within schools for which the students may have been
eligible. The data for type of school do not show any differences in the proportions of students
participating in the Advanced Study relative to those eighth-grade students who were not
eligible. However, the data for special programs do show differences; specifically, fewer
students in the Advanced Study participated in Title I programs or were eligible for the federal
Free/Reduced-Price Lunch program.

Table Sguden9/Schoo9 Demo raphic Dis9ribaMons,
Gracile 8, V 6

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study
Mot Eligible for

Advanced Study

Grade

Students who Attend...
Public Schools 84 90

Nonpublic Schools 16 10

Title 1 Participation...
Participated 3 14

Did Not Participate 97 86

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 16 32
Not Eligible 63 52

Information Not Available 22 16

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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NAEP also collected information from students' teachers concerning the instructional emphases
they placed on content areas in the curriculum and on developingstudents' mathematical

process abilities. Questionnaires were used to collect this information, as well as information on
the use of calculators during mathematics instruction. Data from the teachers' responses are
shown in Tables 4.3 through 4.5. The percentages in the tables reflect the percentages of

students whose teachers responded as shown.
The data in Table 4.3 indicate that eighth-grade students in the Advanced Study were

more likely to receive "some" emphasis on the area of Numbers and Operations and less likely

to receive "a lot" of emphasis on this area than students who were not eligible for the Advanced

Study. In addition, the Advanced Study students were more likely to receive "a little" emphasis

on Measurement in their programs and less likely to receive "a lot" of emphasis on Geometry
and Spatial Sense. There were no differences in student exposure to the area of Data Analysis,

Statistics, and Probability.
Grade 8 students in the Advanced Study also were reported as receiving more emphasis

in the area of Algebra and Functions than students not qualifying for the. Advanced Study. This

is consistent with the curricular prerequisites on which study selection was based.
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Table Congera Emphases in Maghemagles Classes,
Goode 8, 1996

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

one A Little Some A Lot

Grade

In This Mathematics Class
How Often Do
You Address...

Numbers and Operations
Advanced Study

Non-Eligibles

Measurement
Advanced Study

Non-Eligibles

Geometry
Advanced Study

Non-Eligibles

Data Analysis,
Statistics, and Probability

Advanced Study
Non-Eligibles

Algebra and Functions
Advanced Study

Non-Eligibles

0!
0!

4

6
2

9
6

0!
2

6

39
19

26
20

33
30

9

21
9

45
59

54
52

46
48

7
40

73
90

13

21

14
26

12
16

92
49

NOTE: Row percentages may not total 100 due to rounding.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

acazzireopria ippooceoz emorpllacazeo
The data in Table 4.4 relate to four general mathematical processes: problem solving,
reasoning, connections, and communication. The data indicate that the students in the
Advanced Study received much the same instructional emphases as other grade 8 students on
learning mathematical facts and solving routine problems. However, the students qualifying for
the Advanced Study were given more emphasis on solving unique problems and communicating
ideas in mathematics. This finding substantiates the opportunity-to-learn differences that arise
from the curricular tracking of students in the upper middle grades/junior high schools.'

1 Kifer, E. (1993). Opportunities, talents, & participation. In L. Burstein (Ed.), The IEA Study of Mathematics III:
Student growth' and classroom processes (pp. 279-308). New York: Pergamon Press; Schmidt, W. H., et al. (1998).
Facing the consequences: Using TIMSS for a closer look at United Itsrtpathematics and science education. Dordrecht,
Netherlands: Kluwer Academic Publishers. UU
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Table
Process Emphases flu Maghemagics (Classes,

Grade , V996

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

None A Little Some A Lot

Grade 0

In This Mathematics Class
How Often Do
You Address...

Learning Mathematical
Facts and Concepts

Advanced Study
Non-Eligibles

Learning Skills and
Procedures Needed to

Solve Routine Problems
Advanced Study

Non-Eligibles

Developing Reasoning and
Analytical Ability to Solve

Unique Problems
Advanced Study

Non-Eligibles

Learning How to
Communicate Ideas in

Mathematics Effectively
Advanced Study

Non-Eligibles

2

0

0!
1!

0!
1

Ol

7
5

4
1

5
8

10
17

13

16

13

18

28
44

34
43

78
79

82
80

68
46

55
39

NOTE: Row percentages may not total 100 due to rounding.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Caactalator access acme osactoe
NAEP also collected information on the extent to which students use calculators as part of
their normal mathematics experience in schools. Table 4.5 contains the data reported by
grade 8 teachers relative to student access to and use of calculators as part of their regular
instructional programs. The data reflect that students in the Advanced Study had fewer
restrictions on the use of calculators in their regular school mathematics programs than
students not eligible for the Advanced Study. Similar results were found regarding the use of
calculators on classroom tests; more than 80 percent of the Advanced Study students, compared
to about two-thirds of the non-eligible students, had teachers who allowed calculators to be
used in these circumstances. Responses to questions dealing with access to school-owned
calculators and with instruction on the use of calculators, however, showed no differences
between eighth-grade students in the Advanced Study and those who were not eligible for
the study.

Colcuk©r Emphases in Mathematics Classes,
Grade v, 1996

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

Yes

Grade E3

Do You Permit Students in This Class
Unrestricted Use of Calculators...

Advanced Study 61 39
Non-Eligibles 42 58

Do You Permit Students in This Class
to Use Calculators for Tests...

Advanced Study 82 18
Non-Eligibles 64 36

Do the Students in This Class
Have Access to Calculators

Owned by the School...
Advanced Study 81 19

Non-Eligibles 81 19

Do You Provide Instruction to
Students in This Class in the

Use of Calculators...
Advanced Study 80 20

Non-Eligibles 84 16

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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The results from the Advanced Study did not lend themselves to either the development of a
separate proficiency scale or equating to the main NAEP mathematics scale (see Appendix A).
However, as noted above, some of the students who were eligible for the Advanced Study
actually participated in the main NAEP assessment. This affords the opportunity to compare
directly the performance of students who were eligible for the Advanced Study and those who
were not eligible, using the composite NAEP scale. The data in Table 4.6 show that students in
the eighth grade who were eligible for the Advanced Study had an average NAEP score of
300, while non-eligible students had an average score of 264.

Table
Average Matheanaigcs &age Scares by

Elligibi Ely f ©r Advanced Scudy, Grade 8, Y996

THE NATION'S
REPORT

CARD

Average Scale Score

Grade

All Students

Eligible
Non-Eligible

272

300
264

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

GemereaU deserrivtioaa ®6 kalloomeed Stteamo quaesctiovsz
The two blocks of Advanced Study questions at the eighth-grade level consisted of 10 and
12 questions, respectively. The questions were classified primarily in the Algebra and
Functions content strand of the NAEP mathematics framework, although a few questions
designed to assess concepts and procedures from the Measurement and Data Analysis,
Statistics, and Probability strands also were included among the 22 questions. Furthermore,
some of the questions classified as Algebra and Functions were open to solutions via Number
Sense, Properties, and Operations approaches.

Six of the algebra questions required students to make an interpretation or complete an
operation based on understanding symbolic representations of algebraic relationships. Nine of
the questions required students to begin by considering written descriptions of algebraic
relationships, possibly translate these relationships into numerical or algebraic representations,
and then find solutions for the situations described. Another question was designed to measure
students' understanding of and ability to use the Pythagorean theorem in an applied setting.
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Table 4.7 displays the breakdown of questions in the Grade 8 Advanced Study by
content strand and response structure. As noted previously, the Advanced Study at grade 8
differed from the main NAEP assessment in the distribution across content strands.2
In addition, the Advanced Study contained a far greater percentage of questions that required
students to show or explain their work than were found in the main NAEP.

Table

THE NATION'S

Distribution) of z ouestions by Content Strand Rs'nd
REGARD

esp ©nse Format, Grade 8, 1996

Number of Items

Content Strand Coverage

Number Sense,
Properties, and Operations 1

Measurement 0

Geometry and Spatial Sense 1

Data Analysis,
Statistics, and Probability 2

Algebra and Functions 18

Response Formats (be [Dam@

9Multiple-Choice

Short Constructed-Response 11

Extended Constructed-Response 2

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

2 Reese. C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 1996 mathematics report card for the nation and
the states. Washington, DC: National Center for Education Statistics.
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Students' overall performance on the Advanced Study, measured by average percentage correct
scores, is presented in Table 4.8. Students' average percentage correct score was 36 percent,
and male students outperformed females. White, Hispanic, and Asian/Pacific Islander students
outperformed Black students, and White and Asian/Pacific Islander students also outperformed
Hispanic students. The sample of American Indian students was too small to permit reliable
estimates of the performance on the Advanced Study blocks or on individual questions.

Table 4.8 Average Percentage Correct Scores, dv nced
Study, Grade 8, 1996

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 36

Males 38
Females 34

White 40
Black 19

Hispanic 28
Asian/Pacific Islander 50

American Indian ***

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Examples of Advanced Study questions and
student performance
Some sample questions from the Grade 8 Advanced Study are presented below to show how
well the Advanced Study students could perform on specific tasks and to explicate the types of
knowledge and skills students at the eighth-grade level needed to have to solve these problems.
Information on how students performed on these questions is presented in terms of percentages
correct on the individual questions. Performance information is provided for all students and by
gender and race/ethnicity subgroups.
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The first three sample questions constitute a family of questions based on a car wash
being conducted by an eighth-grade class. The problem stimulus provided students with
important data in various forms: written, graphical, and symbolic. Based on this information,
students were asked to complete three different short constructed-response questions.

Questions 4-6 refer to the following information and graph.

The eighth-grade class at Carter School is going to hold a car wash to raise
money for a class trip. The class determined that it had purchased enough
supplies to wash at most 50 cars. The graph below shows the relationship
between the number of cars washed and the profit earned in dollars. The
line that can be drawn through these points is represented by the equation
y = 2x 8.

Profit in Dollars
y

1

0

4
//

Number ofx
Cars Washed

Profit is defined as the amount of money collected from the people whose
cars are washed minus the amount of money that was spent on car wash
supplies.

153
/150 Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



The first question asked students to interpret the information in the graph to find the
fixed costs, or amount spent on supplies, before the first car was washed. In order to answer the
question correctly, students needed to consider the y-intercept on the graph (i.e., the profit
value associated with the situation before the first car was washed). They could do this either
by inspecting the graph and finding the y-intercept at y = 8, or by substituting x = 0 into the
equation shown in the stimulus and solving to find y = 8.

4. According to the graph, how much money did the class spend on car
wash supplies?

Explain how you found your answer.

Student responses were rated "correct," "partial," or "incorrect." The scoring rubric for
the question required that students' responses indicate an understanding that initially the
number of cars washed was zero (i.e., that the y-intercept must be used). That is, to receive
rating of "correct," students were required to give both the correct response of 8 and an
explanation that showed a correct understanding of the y-intercept in the graph or in the
equation. Two sample "correct" responses are shown below. These responses clearly indicate
both a correct answer and a rationale for why that answer is correct. The first response
indicates recognition of the values associated with zero cars washed. The second response
contains evidence of understanding the meaning of the y-intercept in the symbolic equation
presented in the stimulus of the problem.

Sans ae "correct" response 11

4. According to the graph, how much money did the class spend on car
wash supplies?

pot-t. pre 47

Explain how you found your answer. (01 e)
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g CO3 =Lae 66coirfreee99 Tezpovaze 2

4. According to the graph, how much money did the class spend on car
wash supplies?

'13z .(13

\-xcb,_, efvkA5 r1 iNeitk QeMec\-tck
Explain how you found your answer.

c\\A5 ry\onQ,L. c) k.
-)vd g.)(

Students responding with the value 8 and no explanation or an incorrect explanation or
students responding without a value or with an incorrect value but with an explanation that
indicated that they knew that the value of the y-intercept answered the question received
"partial" ratings. The sample "partial" response shown below indicates a correct value, but
lacks an acceptable rationale for the answer.

gaziwolle 66linarticart" resp owe

4. According to the graph, how much money did the class spend on car
wash supplies?

Explain how you found your answer.

nte 145 t
3 retfl\%s
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Students simply responding 8 for the amount spent on car wash supplies received a
rating of "incorrect." Student responses that contained an incorrect value and an explanation
that indicated a lack of understanding that the answer should be found in the value of the
y-intercept also received an "incorrect" rating. The "incorrect" response shown demonstrates
such a lack of understanding.

,§earearplie 66timearrmeeett" respens

4. According to the graph, how much money did the class spend on car
wash supplies?

Explain how you found your answer.

I: CO ciNt9-81, t..*) AN-0- IcINac

0.Y-1 "'':\ ak104 t* zp6,,c.

Table 4.9 presents the breakdown of student performance according to gender and
race/ethnicity. Overall, 13 percent of the student responses were rated "correct," 26 percent
were rated "partial," and 36 percent were rated "incorrect." Twenty-one percent of the students
did not respond to the question, and an additional four percent, not shown in the table, only
wrote off-task remarks on their papers.3

Student responses for this and all other constructed-response questions were scored as "off task" if the student
provided a response that was deemed not related in content to the question asked. There are many examples of these
types of responses, but a simple one would be "I don't like this test." In contrast, responses scored as "incorrect" were
valid attempts to answer the question that were simply wrong.
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Correct Partial Incorrect Omit

Grade

All Students 13 26 36 21

Males 15 30 32 20
Females 10 23 41 21

White 15 30 34 19
Black 3! 14! 46! 32!

Hispanic 10 23 40 23
Asian/Pacific Islander 14 33 35 17

American Indian * * *

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

*** Sample size is insufficient to permit a reliable estimate.

!Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

The second question in this thiee-question family asked students to find the number of
cars that must be washed before the class would start to earn a profit. In order to answer the
question correctly, students needed to find the value of x for which y = 0. This value could be
found by locating the x-intercept of the graph (i.e., x = 4), or by solving y = 2x 8 for y = 0.
Some students also responded with the value of 5 cars, as this is the first point at which there is
a positive profit. Values of either 4 or 5 were accepted as correct numerical answers for the
value portion of the question, and correct corresponding explanations were accepted for the
explanation portion of the question.

5. How many cars do the students have to wash before the class would
start to earn a profit?

Explain your answer.

1 6 2
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Student responses were rated as "correct," "partial," or "incorrect" according to the
following rubric, or rating scale. To receive a rating of "correct" a response had to contain both
the correct answer and an explanation of why it was the right value. Responses received a rating
of "partial" when they contained a numerical answer of 4 or 5 without a supporting explanation,
or when they contained a number other than 4 or 5 but demonstrated an understanding that the
x-intercept must be used. Responses were rated "incorrect" when students failed to give either
the correct answer or an explanation of how to get a correct answer.

The "correct" response shown below reflects the work of a student who recognized that
washing four cars would pay for the supplies and that washing a fifth car would be needed to
achieve a positive profit.

OaampUe E6conreeg resp Due

5. How many cars do the students have to wash before the class would
start to earn a profit?

LI cars 40 break even 5 to hove soma pracil

Explain your answer.

" couturt of. cars \jou. L.)J a: CL

Z 'now muen ujerQ pc1 i d

each CO
To rn 42. up for -I-M. f'1-\
Spen-t L.)?pNtes4'r.trtn- k

` n W e t . A ) o . s\ r ) CaC s ?_. d ( la rs

each -c o) 4-0 'g coo Ct pruil
unuid have fla wo..stn wrio-Hri.ur

Car C5 cars u30 hitcl.) and Kay e os4'2 p rf,t.
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The "partial" response that follows shows a correct numerical answer but has an
explanation that contains errors.

OanangUe 66yeairCticaU99 Tezllventze

5. How many cars do the students have to wash before the class would
start to earn a profit?

Explain your answer.

comp sa\nle. 0 IsQ.-\ \raa_ 1,0-teke. b.. ?skit .0.16:1Nz.

c.3
Information on student performance is presented in Table 4.10. Overall, 21 percent of

students submitted responses rated "correct," 19 percent submitted responses rated "partial,"
and 39 percent turned in responses rated "incorrect." Another 18 percent of the students
omitted the question. Performance on this question was somewhat better than performance on
the previous problem. In this case, compared to the preceding problem, students had to make
less of a conceptual leap to interpret what the problem was asking them to do. The problem also
was more open to being solved through numerical reasoning, 2 X [ ] = 8, and therefore, was
more straightforward than the fixed-costs problem. There was some ambiguity in the phrasing
of the question, however, which required acceptance of either 4 or 5 as the correct answer.
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.(30i1C)
Scare Percengages 9©r

"gegin Vii., Earn Profit," Grade

Correct Partial Incorrect Omit

Grade

All Students 21 19 39 18

Males 23 36 16

Females 19 16 42 20

White 24 22 36 15

Black 7! 6! 53! 32!
Hispanic 16 14 49 19

Asian/Pacific Islander 30 14 38 17

American Indian
!

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

*** Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

The third question in the family, also rated on a three-point scale, asked students to
find the greatest profit (in dollars) that the class could expect to make from the car wash. To
solve this problem, students needed to find the profit associated with x = 50, the maximum
number of cars that could be washed. By substituting into the equation y = 2x 8, they could
find that the maximum profit that could be expected was $92.

6. What is the greatest profit (in dollars) that the class can expect to
earn?

Show your work.
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To receive a rating of "correct," a student only had to give the correct answer of $92. A
supporting rationale was not required for the response to be rated "correct" even though the
question asked students to show their work. The scoring rubric allowed raters to give partial
credit for an incorrect value if the correct process was shown. While many of the students who
received full credit simply wrote in $92 or showed something like 2(50) 8 = 92, the "correct"
response shown below is from a student who clearly communicated his or her approach as well
as giving the correct solution.

Scrampae 660otrnBert99 Tezilvarmze

6. What is the greatest profit (in dollars) that the class can expect to
earn?

4c13, on

Show your work. edivo---\. of. ;
The./ e)( ?cc* NNiCkS V.\ Not\oSli

90 cms. he Y\ .1.10,..\(\ So co..cs

Arb\e_..1
-`). \lc COS\- -Vae.YvN

./4 00 A o. 101 S"\->\)°?\"`-'t.S .50 o c 6,7 Id,

0C Svkko\--sfa.c.k-- vo_e_ yy\O-y\:e_v

-)cec (-of suv?IieS -r-urrel XY\CY\--Eq

Nir\el co\\.e.c.k-e6. R cry., N.10.\,\k,ft.

toe. ?rOCk-

.11

166

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



Students who used the equation and made a correct substitution, but made an error in
calculation, were awarded a rating of "partial." For example, some divided the 92 by 2 or
incorrectly multiplied 2 X 50 to get 200 and then subtracted 8 to arrive at an answer of 192, as
in the "partial" response shown.

Sam Ue 66paairtttleaU99 irespapase

6. What is the greatest profit (in dollars) that the class can expect to
earn?

Show your work.

111-1<
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Student responses were rated "incorrect" if they neither found the value nor gave a
method for finding that value. Some students receiving "incorrect" ratings omitted the start-up
costs and simply multiplied 50 X 2 to arrive at an answer of $100; others attempted to estimate
the answer, as shown in the following "incorrect" response.

arawarpne 66iimeanoTeett99 Teoparnage

6. What is the greatest profit (in dollars) that the class can expect to
earn?

Explain your answer. \iliCat 15 1.6 pc.)'tive
TrAFL v- jr-vkQ'

i cee cLb o cipatmte- c*-61.4,161

earik rep reSeri-
s . , OD

Information on student performance is presented in Table 4.11. Overall, 27 percent of
responses were rated "correct," 4 percent were rated "partial," and 40 percent were rated
"incorrect." Twenty-six percent of the students omitted the problem. On this question, a higher
percentage of students submitted responses that were rated "correct," but there was a slight
decrease in overall performance ("correct" and "partial") compared with the two previous
questions. The increase in responses receiving a "correct" rating could be due to the fact that
the student could read the problem and then simply substitute into the equation to find the
answer. While the question is open to solution by numerical patterns or an extension of the
graph, these are less likely approaches. It also is possible that the score distribution reflects
the decision to give full credit for a correct numerical answer without requiring that work
be shown.
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Table
Score Percerrisoges kpr

"Greatest Pros Enpealed," Grade 3

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade

All Students 27 4 40 26

Males 29 4 39 24
Females 25 4 41 27

White 30 4 40 22
Black 12! 2! 40! 44!

Hispanic 20 5 44 28
Asian/Pacific Islander 36 3 33 26

American Indian

1

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

* * * Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

The fourth sample question presented here for grade 8 is one that asked students to
consider a situation in which one hot-air balloon is ascending and another balloon is
descending. Students were given the rate of change in elevation and the initial starting point for
each balloon and were asked to find the time required for the two balloons to reach the same
altitude. The problem is most readily solved through the use of a single equation 3t = 1000 St

or the system of equations: y = 3t and y = 1000 5t. However, a student could solve the
problem through a table of values and estimation or through experimentation.

7. A hot-air balloon begins rising at the rate of 3 feet per second. At the
same time, a second hot-air balloon that is 1,000 feet above the first
balloon begins to descend at the rate of 5 feet per second. In how
many seconds will the balloons reach the same altitude?

Students' solutions to this problem were rated on a three-point scale. "Correct"
responses gave the correct numeric response of 125 seconds with or without an explicit
rationale. Responses that reflected work that did more than restate the problem but failed to
achieve a correct answer for the time in seconds were rated "partial." The rating of "incorrect"
was given to responses that contained neither a correct value nor a correct equation or
formulation of the problem.
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While many "correct" responses resulted from students simply solving 3t = 1000 5t,
the sample "correct" response shows both the modeling that led to the development of the
equation and the equation-solving approach employed.

Ocafflariae "correert99 Tezpomoe

7. A hot-air balloon begins rising at the rate of 3 feet per second. At the
same time, a second hot-air balloon that is 1,000 feet above the first
balloon begins to descend at the rate of 5 feet per second. In how
many seconds will the balloons reach the same altitude?

-F415 5-f-1- is

4-

A

7 r- )14

5 1,c0:=. 5

-5-E-+

\ 7,5
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1 "1 0
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The following "partial" response demonstrates some effort toward working out the
problem but a failure to obtain the correct answer.

Sanuoplje 667onottilcraa99 Te2porsze

7. A hot-air balloon begins rising at the rate of 3 feet per second. At the
same time, a second hot-air balloon that is 1,000 feet above the first
balloon begins to descend at the rate of 5 feet per second. In how
many seconds will the balloons reach the same altitude?

/1 ow 4e o kgxe

&Nen d,c.......,
i

fer 1 sec on d
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.1 u1 1

I I
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The results, presented in Table 4.12, show that 19 percent of the responses received a
"correct" rating, 7 percent received a "partial" rating, and 58 percent received an "incorrect"
rating. In addition, 13 percent of the students omitted the question. Students used a number
of approaches in answering this question. While the use of a system of equations or a single
equation that equated the two ways of representing height at the time desired, 3t = 1000 5t,
were most common, a number of numerical approaches were noted among the Advanced
Study students.

Table
Scare Percen es r

"O=Ocre fir B Boon," Grade

Correct Partial Incorrect Omit

Grade

All Students 19 7 58 13

Males 27 6 52 13
Females 12 8 64 13

White 23 8 57 10
Black 2! 4! 68! 25!

Hispanic 14 4 60 18
Asian/Pacific Islander 24 10 51 12

American Indian ***

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

*** Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

caccUe TroeUwe AlaUwagmeecf OCogc00

Orissallend backgr align characteristics
The data in Table 4.13 describe the student background characteristics of the grade 12
students in the Advanced Study compared to those of students in the main NAEP assessment
who had not taken advanced courses and were therefore not eligible for the Advanced Study.
Compared to the non-eligible group, higher percentages of Asian/Pacific Islander and White
students and a lower percentage of Black students participated in the Advanced Study. In
addition, students in the Advanced Study were more likely to have parents who had graduated
from college.

Similar to the findings at grade 8, the data on types of educational materials in the
home (newspapers, books, encyclopedias, magazines, etc.) show that students included in the
Advanced Study were more likely to have 4 such materials in their homes, while students not
eligible for the Advanced Study were more likely to have 0-2 of these materials in their homes.
There were no significant differences in Advanced Study participation based on region or type
of community.

1 7 2
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301 Student Dem
THE NATION'S

REPORT
6 CARD

Advanced Study

Not Eligible for

Advanced Study

Grade

Gender
Males 51 48

Females 49 52

Students who Indicated Their
Race/Ethnicity as...

White 74 68
Black 7 15

Hispanic 8 11

Asian/Pacific Islander 10 4
American Indian 0 2

Students who Reported Their
Parents' Highest Level

of Education as...
Did Not Finish High School 4 7

Graduated From High School 13 22
Some Education After High School 23 26

Graduated From College 59 41
I Don't Know 2 3

Home Environment Contains...
0-2 Types of Educational Materials 13 20

3 Types of Educational Materials 25 27
4 Types of Educational Materials 62 53

Students From...

Northeast 25 22
Southeast 21 23

Central 28 24
West 26 30

Students Live in...

Center City 32 31
Urban Fringe/Small City 38 38

Rural 29 31

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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SaueletadlsoloaDU cdlemoproallaaiez
Information on type of school and student participation in categorical programs is shown in
Table 4.14. When these data are considered, more differences between the groups begin to
emerge. A larger proportion of grade 12 students participating in the Advanced Study were
from nonpublic schools than were students not eligible for the Advanced Study. The two groups
did not differ in terms of participation in Title I programs, but fewer Advanced Study students
were eligible for the federal Free/Reduced-Price Lunch program.

Table Sgudeng/Schooll Demographic Diaribleions,
Grade 112, 119

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study

Mot Eligible {or

Advanced Study

Grade

Students who Attend...
Public Schools 82 91

Nonpublic Schools 18 9

Title I Participation...
Participated 2 2

Did Not Participate 98 98

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 7 15
Not Eligible 56 62

Information Not Available 37 23

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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ellegZSTOODEU c Ea Estella emphaases
Table 4.15 contains the data from teachers' responses to questions requesting an indication of
the amount of emphasis they placed on each of a number of subject matter content areas within
the grade 12 curriculum. Note that the data shown here are only from the teachers who were
teaching students in the Advanced Study; teachers of twelfth-grade students who took the main
NAEP assessment were not surveyed. The data shown in Table 4.15 indicate that, in classes
taken by Advanced Study participants, there was more "heavy emphasis" placed on Functions
than on any other topic. Algebra and Trigonometry ranked next and did not differ much from
each other in frequency of "heavy emphasis." Geometry, at 23 percent, received "heavy
emphasis" less often than Functions, Algebra, or Trigonometry, but more often than Statistics,
Probability, or Discrete Mathematics.

Table 4.'00

THE NATION'S

Content Emphases in Cflasses Taken by Advanced RPORT
CARD

Study Students, Grade 12, 1996
lik7EF

Percentage cO Students Receiving

Little
Emphasis

Moderate

Emphasis

Heavy

Emphasis

Grade

How Much Emphasis on...

Algebra 4 23 73

Geometry 14 63 23

Trigonometry 5 28 67

Functions 2 13 85

Statistics 65 25 10

Probability 66 25 9

Discrete Mathematics 60 34 6

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Classroom process emphases
In Table 4.16, a second set of data from classroom teachers of Grade 12 Advanced Study
students describes the emphases teachers reported placing on process-related activities.
Specifically, teachers were questioned about four common mathematical processes: problem
solving, reasoning, connections, and communication. Most students had teachers who reported
that they placed "heavy emphasis" on the first three areas: facts and concepts, skills and
procedures for solving routine problems, and reasoning and analysis for solving nonroutine
problems. However, fewer students had teachers who reported a "heavy emphasis" on
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preparing students to communicate the results of their mathematical endeavors. This latter
finding is consistent with classroom practices data reported by twelfth-grade students who
participated in the main NAEP assessment.4

Table 4ao,
THE NATION'S

Process Emphases in Classes Taken by Advanced R CARD

Zack Sgzocienits, Grade 12, 1996

Percentage Students Receiving

Little
Emphasis

Moderate

Emphasis

Heavy

Emphasis

Grade 1)

2

1

2

10

20

22

25

47

78

77

73

43

How Much Emphasis on...

Learning Mathematical
Facts and Concepts

Learning Skills and Procedures
Needed to Solve Routine Problems

Developing Reasoning and
Analytical Ability to Solve

Unique Problems

Learning How to Communicate
Ideas in Mathematics Effectively

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

CaaUeualator seeeso smell atoactoe
Data on calculator access and usage for students in the Advanced Study also were collected
from their teachers. Table 4.17 presents findings about calculator access. The data reflect an
even level of access to both scientific and graphing calculators in the classroom, but greater
access to scientific calculators outside the classroom. From a different perspective, the data
indicate that 80 percent of Advanced Study students were permitted unlimited access to
calculators in their mathematics classes. However, the percentage of students having access to
calculators during assessment sessions was somewhat lower, with teachers of 71 percent of the
students reporting that their students always could use calculators on tests; the remainder of
the teachers reported that their students were sometimes permitted to use calculators on tests.

4 Reese, et al., (1997). op. cit.
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Table 301j77
COkullagor Access in Vasses Taken by Advanced

Study Sgucieng.s, Grade 12, Y996

THE NATION'S
REPORT

CARD

Percentage of Students

Grade

Do You Permit Students in This Class
Unrestricted Use of Calculators...

Yes

No

Do Students in This Class
Have Access to Scientific Calculators

in Class...
Yes

No

Do Students in This Class
Have Access to Scientific Calculators

Out of Class...
Yes

No

Do Students in This Class
Have Access to Graphing Calculators

in Class...
Yes

No

Do Students in This Class
Have Access to Graphing Calculators

Out of Class...
Yes

No

Do You Permit Students in This Class
to Use Calculators on Tests...

Yes All
Yes Some

No

80
20

83
17

82
18

84
16

56
44

71

28
0

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Caalletaaattan° tivszttirweatiorta
Table 4.18 contains more detail about calculator instruction and graphing calculators.
The responses indicate that more students received instruction in how to use graphing
calculators than scientific calculators. The larger extent of training being devoted to graphing
calculators may he due partially to their special uses in these classes and partially to their
newness in grade 12 classrooms.

Over 70 percent of the students in Advanced Study classrooms had full access to a
graphing calculator for their study of mathematics, either from a complete set in the classroom
or through a personally owned graphing calculator. Reportedly these calculators were primarily
utilized for their unique capability that is, graphing functions.

1'1°e
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Table (Itl C3

THE NATION'S

Cwtcutha7 ©r Usage and flnsgorm¢ts6 ®u in Classes Taken REM)
toy Advanced Zudy 59asciengs, Gm& F2, 11996

Percentage of Students

Grade

In This Class Students are
Provided Instruction in the Use of

Scientific Calculators...
Yes

No

In This Class Students are
Provided Instruction in the Use of

Graphing Calculators...
Yes

No

Which of the Following Best Describes
the Availability of Graphing Calculators
in This Class...

One
Less Than Six
Complete Set

Some Students Have One
Most Students Have One

All Students Have One
No Student Has One

If Graphing Calculators are Used
in This Class, What is Their
Primary Usage...

Calculating
Graphing

Tables

Statistics

Symbolic Manipulation
Not Used

65
35

87
13

1

3

48
8

9
24

6

7
76

0

3

13

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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TesloTMEIGHTICO am, (trite Efkatiaa kizzezzomeaaC

Table 4.19 compares performance on the composite NAEP mathematics scale for grade
1.2 students in the main assessment who were, or were not, eligible for the Advanced Study.
As can be seen, students who were eligible for the Advanced Study had an average scale score
of 327, while non-eligible students had a lower average score of 297.

Table
AVO6121 e thematics Scale Scares by

El ibility f©r varice Study, Grade 12, Y996

THE NATION'S
REPORT

CARD

Average Scale Score

Grade 023

All Students 304

Eligible 327
Non-Eligible 297

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Gesseraa descriptions et the Gra e 12 Advanced
Ottaaew gesestiesas
The two blocks of Advanced Study questions for grade 12 students each consisted of
11 questions. Although the questions were advanced in nature, no questions required calculus.
Most of the questions could be solved by several methods.

The 22 questions were balanced among situations that were presented in symbolic,
graphical, written, and visual formats. Many of the questions required students to make
connections between two or more forms of representation in order to complete the requirements
set by the question.

130
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Table 4.20 displays the breakdown of questions by content strand and response
structure. All five NAEP mathematics content strands were represented in the Advanced Study.

Compared to the main NAEP assessment, however, the Advanced Study included considerably
higher percentages of questions classified in the Algebra and Functions; Data Analysis,
Statistics, and Probability; and Geometry and Spatial Sense strands; there also was a far greater
percentage of questions that required students to show or explain their work.5

Table LIM

THE NATION'S

Distribution of Questions by Content Strand and REPORT

Response Format, Grade 12, 1996
CARD

Number of Items

Content Strand Coverage

Number Sense,
Properties, and Operations 1

Measurement 2

Geometry and Spatial Sense 7

Data Analysis,
Statistics, and Probability 5

Algebra and Functions 7

Response Formats Ocg CIDGaig

7Multiple-Choice

Short Constructed-Response 10

Extended Constructed-Response 5

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

LIDeplannamumee aye kallwagoace0 OCatatlx
Students' overall performance on the Grade 12 Advanced Study, measured by average
percentage correct scores, is presented in Table 4.21. For the group as a whole, the average

percentage correct score was 30 percent. Male students outperformed female students, and
White and Asian/Pacific Islander students outperformed Black and Hispanic students.
The sample of American Indian students was too small to permit reliable estimates of the
performance on the Advanced Study blocks or on individual questions. Students who were
currently taking mathematics or who were taking, or had taken, an AP course in mathematics
outperformed students who were not currently taking a mathematics course or who had not
taken an AP course in this subject area.

5 Ibid. 181
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Table Average PercenGage Correa Scares, Advanced
Sgudy, Grade V2, F796

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students

Males
Females

White
Black

Hispanic
Asian/Pacific Islander

American Indian

Are Students Presently Enrolled
in Mathematics...

Yes

No

Are Students Presently Enrolled in or
Have Previously Taken an
Advanced Placement (AP)

Mathematics Course...

Yes

No

30

32
27

32
14
19
32
***

30
18

37
26

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Ea garepliez el inualoilahaaall vaeottionaz acme zawallegatt pen-gen.-manure
Four sample questions from the Grade 12 Advanced Study are presented below to show the
types of knowledge and skills students at the twelfth-grade level needed to solve the Advanced
Study problems. As before, student performance information is presented in terms of
percentages correct on the individual questions. The subgroup comparisons for grade 12
include gender, race/ethnicity, whether students are presently enrolled in mathematics, and
whether students are enrolled in or have taken an AP mathematics course.

The first sample question asked students to find a third value for a linear function,
f, given two other values for the function. Students were asked to show their work. In order to
solve the problem, students first had to realize that they were being asked to find the third point
on a straight line, given two other points on the line. Students then could have proceeded to
find the slope of the line connecting the two given points graphically or by using the equation
for a straight line. The value of the slope, along with the coordinates of the given points, one of
which is the y-intercept, allows for an algebraic construction of an equation for the line. Solving
this equation for the value x = 3.8 results in the correct answer of 1.58 for f(3.8). Other
students might have approached the problem graphically and more geometrically and used
proportions such as 0.35/1 = h/3.8 to find h, which they then added to the value of the
y-intercept to get the required value of 1.58.

3. Iff is a linear function such that f(0)= 0.25 and f(1)= 0.6, what is the
value off (3.8)? Show your work.

Student responses were rated "correct," "partial," or "incorrect." Responses of 1.58 or
1.6 with correct accompanying work were rated "correct." If no work was shown, the answer
had to be 1.58 in order to be considered "correct." Responses were rated "partial" if they
contained some form of the equation y = 0.35x + 0.25 or correctly found the values of
f(3) = 1.3 and f(4) = 1.65 or correctly found the slope, m = 0.35. All other responses were

rated "incorrect."
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One example of a "correct" student response is shown below. Here the student correctly
calculated the slope and then used the slope value and one of the given ordered pairs to find an
equation of the line. Finally, the value of f(3.8) was computed correctly.

ampullae 66eaDo-Doeett99 peeollperrage

3. Iff is a linear function such thatf(0)= 0.25 andf(1)= 0.6, what is the
value off (3.8)? Show your work.

-,6= .3S6cl)
y-.6 = .35-A

3s- t-,as-

, 3-63.g) . a S-

One response that received a "partial" rating follows. The student correctly calculated
the slope as 7/20 but did not complete the problem.

Sclappullae 6611MTa41Qa1199 ireorpeauge

3. Iff is a linear function such thatf(0)= 0.25 andf(1)= 0.6, what is the
value off (3.8)? Show your work.

3 2-
2.0

7-0
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The data in Table 4.22 reflect student performance on the linear functions question.
Twenty percent overall submitted a response rated "correct," and another 11 percent received
partial credit. This performance is somewhat disappointing, given that the question covers
basic concepts of linear functions. Common errors included reversing values for the
independent and dependent variables, perhaps indicating a fundamental misunderstanding of
the functional notation, and reversing the definition of a slope. Some students incorrectly
defined the slope as the change in x over the change in y.

Table 4.242
Score Percenfoges km- "Use linear FUOTeagn,"

Grade Y 2

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade `O

All Students 20 11 43 23

Males 25 10 38 23
Females 16 11 48 23

White 23 11 42 21

Black 4 8 44 43
Hispanic 11! 6! 46! 32!

Asian/Pacific Islander 22 12 42 22
American Indian *** ***

Are Students Presently
Enrolled in Mathematics...

Yes 21 11 43 23
No 9! 4! 46! 37!

Are Students Presently
Enrolled in or Have
Previously Taken an

Advanced Placement (AP)
Mathematics Course...

Yes 31 12 38 17
No 13 10 46 27

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

*"* Sample size is insufficient to permit a reliable estimate.

! Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The second sample question from the Grade 12 Advanced Study asked students to rank
order the volumes of three square pyramids from smallest to largest and supply a rationale for
their ranking. As data, students were given one of the measurements of altitude, slant height, or
lateral edge for each pyramid and told that all pyramids resided on a square base with sides of
10 units. Students also were given the general formula for the volume of a pyramid.

This question requires you to show your work and explain your reasoning.
You may use drawings, words, and numbers in your explanation. Your answer
should be clear enough so that another person could read it and understand
your thinking. It is important that you show all of your work.

Altitude Slant Height

Lateral Edge

10. The figure above shows the altitude, lateral edge, and slant height of
a square pyramid. Each of three square pyramids P, Q, and R (not
shown) has a base with side 10. In each pyramid the lateral edges are
of equal length. Pyramids P, Q, and R have the following
characteristics.

a. The altitude of pyramid P is 10.

b. The lateral edge of pyramid Q is 10.

c. The slant height of pyramid R is 10.

List the pyramids by order of volume from smallest volume to largest
volume.

Support your conclusion with mathematical evidence.

[The formula for the volume of a pyramid with base area B and
height (altitude) h is V = 1/3h.]

/17
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Since the area of the base was the same for all three pyramids, the solution to the
problem was dependent on the height, or altitude (h), of the pyramids. The height of pyramid P
was given as 10 units. The height of pyramid R could be found by recognizing that the distance
from the foot of the segment representing the slant height to the middle of the base was 5 units
and then using the Pythagorean theorem to find the height of the pyramid, namely 54-S, or
approximately 8.66 units. The height of pyramid Q also could be found by using the
Pythagorean theorem. In this case, however, students had first to solve for either the slant
height or the length of the segment running from the base of the lateral edge to the foot of the
altitude. Once either of these dimensions had been determined, it was possible to solve for the
altitude, or height. The correct solution was 5', or approximately 7.07 units.

Since all three pyramids had the same base area, and their volumes could be found by
multiplying the area of the bases by one-third of the heights, the volumes were ordered from
smallest to largest in the same order as the heights were ordered from shortest to longest. That
is, VQ < V, < V, since hQ < /IR< hp.

A few students noted that there is a quicker way to solve the problem without doing any
calculations. Because the hypotenuse of a right triangle is the side of greatest length, it can be
argued that the lateral edge is greater than the slant height, which in turn is greater than the
altitude. Consequently, the pyramid with a lateral edge of 10 is "shorter" than the pyramid with
a slant height of 10, which is "shorter" than the pyramid with an altitude of 10. Since "shorter"
relates to the height of the pyramids, and since all of the pyramids are on the same base, the
correct ordering follows.

Responses were rated "extended," "satisfactory," "partial," "minimal," and "incorrect."
The percentage of students achieving each rating is shown in Table 4.23, which follows the
presentation of the sample responses.

1S7
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Only responses that gave the correct ordering of the volumes of the three pyramids
along with some supporting evidence received a rating of "extended." In addition, if the student
did not indicate that the answer was only dependent on height, the numerical values of all three
volumes were required to be correct. Only five percent of the students participating in the
Advanced Study reached this level of performance. The following response is an example of an
"extended" response.

Sans le "extencrie 9 rrezilDenze

von V
z

A G

1/3 tr%
c?31 .7" 10

L51-ef(1 111

/,./ K1,
fa, T. IGO

lCA
47.

IVO (p2 sl - IP

eati

1.4) 5e,

b4-g°

at' *Lt_ \a 644 i%

0-s CA". +-LA_

Vre 4.+
prtip cir4etInc,1
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Responses that failed to order the three pyramids correctly but
solutions for the volumes of two or three pyramids, or for the heights of
correctly compared the heights of Q, P, and R, were rated "satisfactory.
was rated "satisfactory" because the volumes of pyramids P and R are

Oaarsawae 66zcovlisfeectlerg99 Tests erase

that provided correct
Q and R, or that
" The following response
correct.
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Responses were rated "partial" if they showed a correct solution for either the height or
the volume of pyramid Q or R. The following response was rated "partial" because 288.7 is the
volume of pyramid R.

OaawayZe 66peraTailaall99 Tezpanaze

iopolo)
V= 331'3 P

\NIc43(5)
f?..M \r"2*5 51r, NJ:.

3
iketo

1 tb-i- =
\)(2.= -15

/513

a mats is

\I= icicoi-5-15)

0
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Responses that showed or stated that the three pyramids had the same base area or that
-1, (area of the base) was the same for all three pyramids were rated "minimal." Responses that
contained a correct solution for the volume of pyramid P also received a "minimal" rating. The
following response was rated "minimal," since it clearly states that the bases of the three
pyramids are equal. The area of the bases, however, should have been shown as 100, not 10.

SaarcaBDUe 66marma2 imacral99 rezpotrage

.71 ittradh:,d. 13cL5e Tar. TC

LaiNfal (AG- I' la-4rtral

P bcxse...: le)
Alt -le

v.
lotiets4

3

V=33$
1G,

v4i .10 .10

7% 33. 3

-vrj.j.10 .1k)

0333

Responses that attempted to answer the question, but did not satisfy the conditions for
at least a "minimal" response, were rated "incorrect."
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Performance data on the square pyramid question are presented in Table 4.23.
This question was very challenging for students because it involved a significant number of
steps. Students showed a number of approaches to solving the problem. Mpst students whose
responses were rated at least "satisfactory" approached the problem analytically, similar to the
sample responses shown previously. The fact that only 10 percent of the students received
"satisfactory" or above is somewhat disappointing but may be explained by the fact that many
students might not have worked with geometric volume problems since they took geometry,
possibly as long as 2 or 3 years before the assessment.

Table
c©e PercellOages hor "Corrip,re Volumes ©f

Pyramids," Grade V2

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial Minimal Incorrect Omit

Grade i]

All Students 5 5 5 11 52 20

Males 6 6 5 12 46 22
Females 4 3 5 9 59 18

White 5 5 5 12 52 18
Black 0! 1 ! 1 6 58 32

Hispanic 3! 2! 1! 5! 57! 30!
Asian/Pacific Islander 8 6 5 9 51 18

American Indian *** ***

Are Students Presently
Enrolled in Mathematics...

Yes 5 5 5 11 53 19
No 2! 2! 1! 9! 46! 35!

Are Students Presently
Enrolled in or Have
Previously Taken an

Advanced Placement (AP)
Mathematics Course...

Yes 8 8 6 13 47 16
No 2 3 4 9 56 22

i

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.

' Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The third sample question from the Grade 12 Advanced Study is a multiple-choice
question assessing students' ability to select the vector that correctly represented the result of a
ship's movement from the origin of a coordinate grid to a position described in terms of the sum
of two direction vectors. Students had to recognize that the resultant sum, or position, of a trip
due south for 40 miles followed by a trip of 30 miles southwest could be represented by the
vector associated with Option D. Sixty-three percent of the grade 12 students correctly selected
Option D.

North

20

10

50-40-30-20-10

d

C

10
X

20

31

41

51

66
1

70

10 20- 30-40-50
East

1. A ship travels due south for 40 miles and then southwest for 30 miles.
Which of the vectors in the figure above best represents the result of
the ship's movement from its starting point?

CD e

193
Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics Il



The only other option that was selected by more than five percent of the students was
Option E. Twenty-seven percent of the students made this incorrect choice. These students
selected a vector representing the sum of movement due south and due west rather than the
sum of movement due south and southwest.

The problem could be solved in a variety of ways. Most students would not have had
this type of question (representing and solving problems using vector methods) as part of their
geometry classroom experience, but those who had studied physics or pre-calculus would have
studied vectors. The result of 63 percent correct, shown in Table 4.24, is a measure of students'
problem-solving skills related to interpreting a situation, representing it, and solving it.
However, fewer students might have been successful if the task had been to draw the vector
rather than simply to recognize it, or if they had been required to discriminate between two
vectors with the same direction but different lengths.

Percent7age Correa gor "Find L2esullgang. Veacv,"
Grads V2

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students

Males
Females

White
Black

Hispanic
Asian/Pacific Islanders

American Indian

Are Students Presently
Enrolled in Mathematics...

Yes

No

Are Students Presently Enrolled in or
Have Previously Taken an
Advanced Placement (AP)

Mathematics Course...
Yes

No

63

67
58

66
51

50
55

63
52

67
60

"** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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The final sample question from the Grade 12 Advanced Study was classified as an
Algebra and Functions question. It presented students with a written description of the motion
of a Ferris wheel. Using the given information, students were to draw a graph depicting the
height, over 45 seconds of time, of an individual on a wheel that rotates once every 15 seconds,
if the individual is at the bottom of the wheel at time 0. In order to answer the question
correctly, students needed to attend to three conditions:

O at time t = 0, h = 5;

O the height can only vary from 5 feet to 35 feet throughout the graph; and

o the period in the solution graph is 15 seconds (i.e., the graph repeats itself every
15 seconds).

This question requires you to show your work and explain your
reasoning. You may use drawings, words, and numbers in your
explanation. Your answer should be clear enough so that another person
could read it and understand your thinking. It is important that you show
all of your work.

10. The Ferris wheel above is 30 feet in diameter and 5 feet above the
ground. It turns at a steady rate of one revolution each 30 seconds.
The graph below shows a person's distance from the ground as a
function of time if the person is at the top of the Ferris wheel at
time 0.

On the same graph, draw a second curve that shows a person's
distance from the ground, as a function of time, if that person is at
the bottom of the Ferris wheel at time,0 and if the Ferris wheel turns
at a steady rate of one revolution each 15 seconds. Sketch the graph
from time equals 0 to time equals 45 seconds.
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Responses were rated "extended," "satisfactory," "partial," "minimal," or "incorrect."
The rating of "extended" was awarded to responses that showed a complete and correct graph
extending over the 45-second period, as shown below.
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Responses containing a graph of three of the conditions but that failed to extend the
graph from time 0 to 45 seconds were rated "satisfactory." The sample "satisfactory" response
shown satisfied three conditions, but the sketch was not shown for the entire time from
t = 0 to t = 45 seconds. Very few students received "satisfactory" scores. In the sample

response shown, the response error suggests inattention to the full requirements of the problem

rather than a lack of understanding.
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Ratings of "partial" were given to responses showing a graph of two of the conditions.
The sample "partial" response shown satisfied the conditions that at time t = 0, h = 5 and that
the height vary from 5 feet to 35 feet throughout the graph, but did not portray the correct
period of 15 seconds per rotation.
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"Minimal" ratings were awarded to responses that correctly depicted a graph of one of the

conditions. The sample "minimal" response shown has the 15-second period graphed correctly.

arairarpUe 66minaimaa99 TezilDevsze
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Responses that did not move beyond a simple restatement of the problem were

rated "incorrect."
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Table 4.25 presents student performance data on the Ferris wheel problem. The data
show that students did relatively well on this question; 39 percent of the responses were rated
as "extended." The percentage of students receiving the "extended" rating is somewhat
surprising, considering student performance on the other problems. This higher level of
performance may be a reflection of how recently students in the Grade 12 Advanced Study had
dealt with similar content. The height and vertical variation in the graph indicate the amplitude
of a periodic function. The compression of the graph horizontally represents the period of the
graph. Both of these topics, amplitude and periodicity, receive a great deal of attention in the
study of trigonometric, or circular, functions in pre-calculus and calculus.

Table

THE RATION'S

Score Peureogroges > (go- "Ferris Wheell," Grade 112 REPORT
CARO

Extended Satisfactory Partial Ilinimal Incorrect Omit

Grade D
All Students 39 0 18 13 19 10

Males 44 1 18 11 14 10
Females 33 0! 18 16 23 9

White 44 0 19 13 16 7
Black 13 0! 13 12 34 25

Hispanic 22! 0! 12! 12! 30! 20!
Asian/Pacific Islander 33 0! 19 14 22 11

American Indian *** *** ***

Are Students Presently
Enrolled in Mathematics...

Yes 40 0 18 13 18 9
No 24! 0! 19! 17! 21! 14!

Are Students Presently
Enrolled in or Have
Previously Taken an

Advanced Placement (AP)
Mathematics Course...

Yes 50 0! 17 12 14 8
No 32 0 20 14 22 10

L

NOTE: Row percentages may not total 100 due to responses rated "Off Task" or to rounding, or both.
*** Sample size is insufficient to permit a reliable estimate.

Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996 .
Mathematics Assessment.
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An analysis of the data related to the performance of students in the Advanced Study who
reported that they were currently taking mathematics or who were, or had been, enrolled in
an AP mathematics course shows that in each case these students outperformed students in the
study who were not currently taking a mathematics course or who had not taken such an
AP course. Some of those not currently taking a course may have taken mathematics during the
first semester of their senior year as part of a block scheduling arrangement at their schools.
Others may simply have completed their schools' mathematics curriculum earlier and were
"lying fallow" mathematically during the assessment semester. Finally, it also is possible that
some of the students who, by self-report, were not currently enrolled in mathematics had been
misclassified by the individuals responsible for the NAEP samples at their schools and were
not really eligible for the Advanced Study.

gagreamaactirw

The background and demographic data collected along with the achievement data indicate
that both grade 8 and grade 12 students participating in the Advanced Study were different
from those who did not qualify for the study. They tended to come from homes providing a
stronger educational context, both in materials and in parental education. Further, these
students appeared to have somewhat better financial means, as a smaller proportion qualified
for the federal Free/Reduced-Price Lunch program. Similarly, fewer of them participated in
Title I programs.

The Advanced Study was designed to provide students who were taking or had taken
advanced courses in mathematics with an opportunity to demonstrate their full mathematical
proficiency. Students at both grade levels who met the criterion for inclusion in the Advanced
Study performed substantially better than other students on the main NAEP mathematics
assessment. However, student performance on the Advanced Study itself shows that the study
questions were quite difficult, even for students who were taking the more challenging
mathematics courses that were prerequisite to qualify. Overall performance, measured by
percentage correct, was 36 percent at grade 8 and 30 percent at grade 12, and, at both grade
levels, most of these students were unable to solve problems that required two or three
successive steps to achieve the desired result.
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The 1996 assessment was the first update of the NAEP mathematics assessment framework since
the release of the National Council of Teachers of Mathematics (NCTM) Curriculum and
Evaluation Standards for School Mathematics.' This update reflected refinements in the
specifications governing the development of the NAEP 1996 mathematics assessment while
ensuring comparability of results across the 1990, 1992, and 1996 assessments.

011Dee§aaU OCuaatitieo (Az 11000 IVILET
InuClemscurigeo kozezzsgaeaolo
In addition to the main NAEP 1996 mathematics assessment, three special studies were
conducted: an Estimation Study, a Theme Study, and an Advanced Study. In each of the studies,
students were presented with an assessment booklet consisting of blocks of cognitive questions.
The Estimation and Advanced Studies had a booklet for each grade level, while the Theme Study
had two different booklets at each grade level.

The booklets consisted of blocks of cognitive questions and blocks of background
questions. The cognitive block structure of the special study booklets is displayed in Table A.1.
The Estimation and Theme booklets began with block M4, a Balanced Incomplete Block (BIB)
linking block taken from the main assessment. In the Estimation booklets, the linking block
was followed by two Estimation blocks: a trend block, M16, and a new block, M17. In the
Theme booklets, the linking block was followed by a single Theme block, either M21 or M22.
The Advanced booklet began with a nonadvanced block, M20, which was composed of questions
from various BIB (main assessment) blocks; this was followed by two Advanced blocks, M18 and
M19. In addition to the cognitive blocks, all of the special study booklets had three blocks in
common with the main assessment: a general student background block, a mathematics
background block, and a motivation block.

' National Council of Teachers of Mathematics. (1989). Curriculum and evaluation standards for school mathematics. Reston,
VA: Author.
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Study Booklet Cognitive Blocks

Estimation 127 M4, M16, M17
Theme 128 M4, M21
Theme 129 M4, M22
Advanced Mathematics* 130 M20, M18, M19

Grades 8 and 12 only

The cognitive portion of the Estimation booklet was administered in two sections: the first
(BIB) block was self-paced; and the two Estimation blocks were administered by a paced audio
tape. The Theme and Advanced booklets were entirely self-paced.

The special studies were not part of the main assessment. However, the Estimation and
Theme samples were drawn from the same population as the main assessment; that is, they were
chosen to be representative of all students at the target grade level. The grades 8 and 12
Advanced samples, by contrast, were drawn from populations of students who were considered
high mathematics achievers based on their enrollment in advanced mathematics classes during
the 1995-1996 school year.

gagooarpnaao PTaDeecaaaTez goy° ttDa® Orpectiagn gaugati§ez
The populations for the special studies were sampled as part of the complex multistage sample
design used for the main national sample. The design involved sampling students from selected
schools within 94 selected geographic areas, called primary sampling units (PSUs), across the
United States. There were five steps in the selection process:

1. Selection of geographic PSUs (counties or groups of counties).

2. Selection of schools within PSUs.
3. Assignment of sample types to schools.
4. Assignment of session types to schools.
5. Selection of students for session types within schools.

The samples for the main and special studies were drawn for grades 4, 8, and 12.
In addition, separate age-based samples were selected for the long-term trend studies in
mathematics. Table A.2 shows the numbers of students and schools that were assigned to each
condition. In addition to representing the respective populations as a whole, the main and special
study samples involved oversampling of nonpublic schools, and of public schools with moderate
or high enrollment of Black or Hispanic students. This oversampling was undertaken to increase
the sample sizes of nonpublic school students and minority students, so as to increase the
reliability of estimates for those groups of students. The assessment period for the main
assessment and special studies was in the winter of 1996, between January 3 and
March 29.
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Table ilk9ungoer t SThoden9s Per Schad
Ecgch Session Type

THE NATION'S
REPORT

CARD

dumber of

Assessed Students

Mumber of

Schools

Phan Humber of

Students Per

Assessment

Per School

{lean idumber of

Students Per Item

Per School

Sample

Age Class 9
Long-Term Trend

Print Booklets 51-56 5,019 215 23.3 3.9-7.8*
Tape Booklet 91 1,852 127 14.6 14.6
Tape Booklet 92 1,721 116 14.8 14.8
Tape Booklet 93 1,840 125 14.7 14.7

Grade 4 Main

Print Mathematics 10,830 445 24.3 5.6
Print Science 11,578 421 27.5 4.5-7.4*

Tape Mathematics Estimation 2,115 120 17.6 17.6
Print Mathematics Theme 4,004 230 17.4 8.7

Age Class 13
Long-Term Trend

Print Booklets 51-56 5,493 221 24.9 4.1-8.3*
Tape Booklet 91 1,928 128 15.1 15.1

Tape Booklet 92 1,866 125 14.9 14.9
Tape Booklet 93 1,864 124 15.0 15.0

Grade 8 Main

Print Mathematics 11,521 411 28.0 6.5
Print Science 11,971 346 34.6 5.6-9.4*

Tape Mathematics Estimation 2,244 104 21.6 21.6
Print Mathematics Theme 4,227 175 24.2 12.1

Print Advanced Mathematics 2,365 253 9.3 9.3

Age Class 17
.

Long-Term Trend

Print Booklets 51-56 4,669 186 25.1 4.2-8.4*
Tape Booklet 84 1,848 133 13.9 13.9
Tape Booklet 85 1,691 122 13.9 13.9

Grade 12 Main

Print Mathematics 10,600 430 24.8 5.7
Print Science 11,481 401 28.6 4.6-7.7*

Tape Mathematics Estimation 1,889 96 19.7 19.7
Print Mathematics Theme 3,860 196 19.7 9.8

Print Advanced Mathematics 2,965 207 14.3 14.3
Print Advanced Science 2,431 222 11.0 11.0

I

* This number varied because some item blocks appeared more often than others in the set of booklets used for this sample.
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Following is a brief summary of the general features of the sampling procedure.
Many details and adjustments left out of this description can be found in Chapter 3 of The NAEP
1996 Technical Report. 2

TOT gelleeCtions
Of the population of 1,000 PSUs in the country, the 22 largest PSUs were included in the sample
with certainty. The remaining PSUs were partitioned into 72 strata (defined by region and various
socioeconomic characteristics), and one PSU was chosen from each stratum with probability
proportional to size (of the population of the PSU).

OeUeeCilans off gellaaporlo

In the second-stage sampling a list was created, for each grade, of all public and nonpublic
schools in the 94 selected PSUs. Schools were selected (without replacement) across all PSUs
with probabilities proportional to assigned measures of size. Details of the assignment of school
size can be found in Section 3.3 of The NAEP 1996 Technical Report.

kozdortramemC off gaapriorpUe TPgjpa gellaapaaz

In order to determine the effect of using different guidelines for excluding or assessing students
with disabilities or limited English proficiency, three different sample types were assigned to
schools selected for the main or special study assessments. These sample types were:

O 51, in which students were subject to the exclusion criteria used in 1990 and 1992;

O S2, in which students were subject to new 1996 exclusion criteria; and

o S3, in which students were subject to new 1996 exclusion criteria and
accommodations were offered to students with disabilities (SD) and limited
English-proficient (LEP) students.3

Allen, N. L., Carlson, J. E., & Zelenak, C. A. (1999). The NAEP 1996 technical report. Washington, DC: National Center for
Education Statistics.

See Chapter 5 of the NAEP 1996 Technical Report for a fuller description of sample types, exclusion criteria,
and accommodations.
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Sample type was assigned to schools separately for each grade. For schools that were not
also selected for the State Assessment, sample type was assigned to schools according to the
percentages shown in Table A.3.

ercerDP of Schools Assigned to Sample Type
in the 1996 Assessment

THE NATION'S
REPORT

CARD

51 52 S3

Grade

4 20 45 35

8 16 42 42
12 15 46 39

0037:013Latiaa0 OCuseemgo

The first step in sampling students was to compile a list of all grade-eligible students in a school.
Along with this list, schools at grades 8 and 12 were asked to provide course enrollment
information to be used in determining eligibility for the Advanced Study. Specifically, eligibility
was based on reported enrollment in Algebra 1 or beyond at grade 8 and on reported enrollment
in Algebra 3, Pre-Calculus, Calculus and Analytical Geometry, Calculus, or AP Calculus at
grade 12.

Systematic selection of students from the grade-eligible list was made to obtain the target
sample size for each school. Westat, Inc. district supervisors then assigned sampled students to
one of the various session types according to specified procedures. Session types included the
various subject areas and, within the subject area of mathematics, whether the students would be
included in the main (BIB), long-term trend, Estimation, Theme, or Advanced assessments.
Obviously, only students who were eligible for the Advanced Study could be assigned to Advanced
sessions, but students eligible for the Advanced Study also were assigned proportionally to all
other session types.

To ensure an adequate sample size of SD/LEP students, oversampling procedures were
applied to these students in sample type 2 (S2) and sample type 3 (S3). In general, SD/LEP
students were sampled (within schools) at twice the rate at which non-SD/LEP students were
sampled. For grades 8 and 12, because of the way sessions were assigned, oversampling
of SD/LEP students took place only among students who were not eligible for the
Advanced assessment.
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The exclusion and accommodation conditions that were applied in S3 are anticipated to be
similar to those that will be used in future NAEP assessments. Consequently, the data from S3
constitute a statistical bridge that can be used in maintaining future trend lines. However, in order
to allow timely reporting of 1996 results, data from S3 were generally not included in the
reporting sample, but were set aside for further analysis of the impact of the availability of
accommodations on group achievement estimates.

The following tables A.4 through A.6 illustrate how the special studies were
distributed across the Si, S2, and S3 samples. In the tables, the notation "B" refers to that subset
of the participating students who were identified as having either disabilities or limited English
proficiency. "A" refers to all other participating students. As can be seen, the data reported for the
Estimation Study were generally drawn from 51, but S2 students were added at grade 12 in order
to obtain a sufficient sample size. However, to insure comparability across grades, results from S2
students with disabilities or limited English proficiency were not reported. The Theme Study
sample was drawn from S2. The Estimation and Theme Studies also were administered to S3, as
a statistical bridge to future administrations of these studies. The Advanced Study sample was
taken from S3 at grade 12 and, in order to obtain a sufficient sample size, from both S2 and S3 at
grade 8. Due to the nature of the Advanced Study selection criteria, accommodations were
infrequent in this sample, particularly at grade 12. Consequently, it was judged acceptable to
report Advanced Study results from S3. As a precaution, however, data from grade 8 students
with disabilities or limited English proficiency (where some accommodations did occur) were held
back from reporting.

Table LAS

THE NATION'S

Collected and 2eporging Samples for the Estimation RECORD
Assessment, Or des 4, 8, and 12*

SI S2 S3

Grade

A R X NR

B R X NR

Grade

A R X NR

B R X NR

Grade

R R NR

B R NR NR

* An "R" indicates that this cell was part of the reporting sample. An "NR" cell indicates that data were collected but not

included in the reporting sample. An "X" indicates that no data were collected from that category.
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Table
C011ected and Reponling Sompho gor the Theme

Assessment Grades 6, 8, and DI 2°

THE NATION'S
REPORT

CARD

A

B

Si S2 S

X

X

R

R

NR

NR

An "R" indicates that this cell was part of the reporting sample. An "NR" cell indicates that data were collected but not

included in the reporting sample. An "X" indicates that no data were collected from that category.

Table nX)

THE NATION'S

COUSCged Ond Re orting Samplles goo. the Advanced REPORT
Assessment, yent, Grades 8 and 2 Onll CARD

Si 52 53

Grade

X

X

X

X

R

R

X

X

R

NR

R

R

A

B

Grade

A

B

* An "R" indicates that this cell was part of the reporting sample. An "NR" cell indicates that data were collected but not

included in the reporting sample. An "X" indicates that no data were collected from that category.

LIDaggottgedipagdgoaa LITiaaCez

In order for the data to be reported, NCES school and student participation rates must be met.
School nonparticipation or student nonparticipation in the form of absenteeism creates a potential
for bias to be introduced in the reporting of the data. The participation rates of schools and students
included in the 1996 assessments were inspected for any differences. NCES standards regarding
acceptable potentials for bias are expressed in terms of weighted participation rates. Table A.7
shows the weighted participation rates by grade and session type for the main reporting samples.
For the main samples, the student participation rates are similar for different session types at grades
4 and 8, but the student participation rates at grade 12 and the school participation rates at all
grades vary by session type. The differential school participation rates show that different session
types include different schools. This is due to the assignment of schools to sample type, the fact that
all session types were not assessed in all sample types, and the specific sample types included in
the reporting populations for each session type.
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Table n0' SessOon Type, 11996 Mein ma[ p Reporfing SompOes

THE NATION'S

Welighged PagizOpaiiiion Rages (ht `)/0), by Grade and R E
CARD

T

Mathematics

Print

Science

Print

Mathematics

Estimation

Print

Mathematics

Theme Print

Advanced

Mathematics

Print

Advanced

Science

Print

Grade 4

School Participation 82.3 77.8 93.5 77.9 - -
Student Participation 95.3 94.9 96.7 95.4
Overall Participation 78.4 73.8 90.4 74.4

Grade g

School Participation 81.5 79.7 85.3 86.8 77.0
Student Participation 92.9 93.1 93.8 92.7 95.6 -
Overall Participation 75.7 74.3 80.0 80.4 73.6

Grade 11

School Participation 76.2 77.4 63.9 78.4 77.6 77.7
Student Participation 82.3 77.5 81.0 78.2 85.8 86.5
Overall Participation 62.7 60.0 51.7 61.3 66.6 67.2

,Ewaahaaucttioaa oft TodeaaMaga Ow° 53'daao

Although school and student nonresponse adjustments are intended to reduce the potential for
nonparticipation to bias the assessment results, they cannot completely eliminate this potential
bias with certainty. The extent of bias remains unknown since there are no assessment data for
the nonparticipating schools and students.

Some insight can be gained about the potential for residual nonresponse bias by
examining the weighted school- and student-level distributions of characteristics known for both
participants and nonparticipants, especially for those characteristics known or thought likely to
be related to achievement on the assessment. If the distributions for the full sample of schools
(or students) without the use of nonresponse adjustments are close to those for the participants
with nonresponse adjustments applied, there is reason to be that the bias from
nonparticipation is small.

A nonresponse bias analysis completed on the reporting population for the science
assessment can be found in the NAEP 1996 Technical Report.' Science was chosen because it
contained the largest number of students and could, therefore, provide the most precise
estimates of student distributions across several demographic characteristics (i.e., age, race,
gender, type of school and school size). Generally, the findings show that the student distributions
before and after school and/or student nonresponse adjustments were similar, with a few
exceptions. Most of these exceptions were at grade 12 due to its relatively high nonresponse rate
(20.3% for grade 12 students). An additional nonresponse bias analysis was completed on the

Allen, et al., (1999). op. cit. 209
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reporting populations of Mathematics, Mathematics Theme, Mathematics Estimation and
Advanced Mathematics. Each of these reporting populations have smaller numbers of schools
and students in the sample. Thus, the variance of the estimated distributions will be larger for
these subjects, than for science.

Within the NAEP data, there are several school-level characteristics available for both
participating and nonparticipating schools. The tables that follow show the combined impact of
nonresponse and of the nonresponse adjustments on the distributions of schools (weighted by the
estimated number of eligible students enrolled) and students, by the type of school (public,
Catholic, other nonpublic), the size of the school (measured by the estimated number of eligible
students enrolled) and whether the school is located in an urban/rural place. Three size classes
have been defined for each grade. The data are for the 1996 samples excluding the science
assessment.

Several student-level characteristics are available for both absent and assessed students.
The tables that follow show the impact of school nonresponse and nonresponse adjustments, and
student nonresponse and nonresponse adjustments on the distributions of eligible students for
each grade. The distributions are presented by age category (at or below modal age, and above
modal age), race/ethnicity category (White, Black, Hispanic, and other), gender, SD and LEP.
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Table A.8 shows the weighted marginal distributions of students for each of the three
classification variables for grade 12, using weighted eligible schools. The distributions before
school nonresponse adjustments are based on the full sample of in-scope schools for each
assessment those participating, plus those refusals for which no substitute participated.
The distributions after school nonresponse adjustments are based only on participating schools for
each assessment, with school nonresponse adjustments applied to them. The weighted
school-level nonparticipation rates at grade 12 are as follows: Mathematics, 27.8 percent;
Mathematics Theme, 21.6 percent; Mathematics Estimation, 36.1 percent; and Advanced
Mathematics, 22.4 percent. For more detail, see the NAEP 1996 Technical Report.5

Table A.8

Diarihofton (un %) bons ortiraie
Sinodengs Oozed CUD Full eigleed Sample f Eligi

Schools, SafOTO Und After Sch @ ©l Nonresponse
Adiluagnenft, 1"96 Main AV Samples

Emcilu °n Science J Grade Y2

THE NATION'S

le REPORT

CARD

Population

School Type

Catholic
Other Nonpublic

Public

School Size'
1 (1-49)

2 (50-399)
3 (400+)

School Location
Large City

Midsize City
Urban Fringe/

Large City

Urban Fringe/
Midsize City

Large Town
Small Town
Rural MSA

Rural nonMSA

Mathematics
Mathematics

Theme

Mathematics

Estimation

Advanced

Mathematics Advanced Science

Before After Before After Before After Before After Before After

5.8 6.6 4.5 5.5 7.5 7.1 4.5 5.2 5.4 5.5
3.6 3.1 4.5 3.8 3.9 4.8 4.1 3.4 3.8 3.1

90.6 90.3 91.0 90.8 88.5 88.1 91.4 91.4 90.7 91.4

6.0 6.2 5.7 5.1 6.8 8.3 7.1 7.3 5.5 5.0
67.9 66.0 71.6 71.4 72.1 66.4 72.7 72.9 69.4 65.7
26.1 27.7 22.7 23.5 21.1 25.3 20.2 19.9 25.1 29.2

14.8 15.1 14.9 17.5 14.7 15.4 13.5 15.1 15.4 16.0
18.6 21.2 14.6 15.6 20.8 23.4 , 17.3 18.2 16.3 18.4

22.4 19.1 27.5 23.5 18.5 19.5 25.0 22.6 23.8 22.5

14.5 15.2 13.3 15.2 17.5 14.4 14.3 15.2 15.0 13.9
1.1 1.2 0.7 0.9 0.7 1.1 0.5 0.7 1.5 0.9

12.1 13.1 14.5 14.6 11.5 11.5 16.0 16.1 14.7 15.9
3.8 3.0 6.0 5.7 4.5 2.1 5.6 4.5 4.1 4.1

12.8 12.0 8.4 7.0 11.8 12.6 7.7 7.6 9.1 8.4

1Distributions by school size are not comparable to previous assessments, since students were eligible by grade only (instead
of by grade or age) in 1996. School size refers to the number of eligible students enrolled.

5 Allen, et al., (1999). op. cit. 21 1
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It can be seen from Table A.8 that, overall, the distributions for school type, school size
and school location remain similar. For Mathematics, even though the nonresponse rate is 27.8
percent, the only exceptions may be midsize cities and urban fringe of large cities; for

Mathematics Theme, the exceptions may be large cities and their urban fringe; for Mathematics
Estimation, exceptions may be at medium and large schools, midsize cities and their urban
fringe, and rural MSAs (Metropolitan Statistical Areas). For Advanced Mathematics, even though
the school nonparticipation rate is 22.4 percent, the only exception may be urban fringes of large
cities. The potential for bias is greatest for Mathematics Estimation, which also has the highest
nonparticipation rate for schools.

Table A.9 shows the distributions of two school-level characteristics school type

and school location, plus additional distributions of student-level characteristics, using
weighted eligible students. The distributions before student nonresponse adjustments are
based on assessed and absent students (with base weights adjusted for school
nonparticipation).The distributions after student nonresponse adjustments are based on
assessed students only, with the student nonresponse adjustments also applied to them. The
rates of student nonparticipation for the five subjects at grade 12 are as follows: Mathematics,

17.7 percent; Mathematics Theme, 21.8 percent; Mathematics Estimation, 19.0 percent;
Advanced Mathematics, 14.2 percent. For more detail, see the NAEP 1996 Technical Report.6

6 Allen, et al., (1999). op. cit. 212
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Table ncg

Lializftribugion (in %) ©r Popo§ bans of Eligible
Sgudengz e1©e and Arrieg- Stuelese Nonresponse

Acilfiusgrneng's, '996, Main HASP Samples
Pzducling Science), Grade 12

THE HAHN'S
REPORT

CARD

Population

School Type

Catholic
Other Nonpublic

Public

School Location
Large City

Midsize City
Urban Fringe/

Large City
Urban Fringe/

Midsize City
Large Town

Small Town

Rural MSA
Rural nonMSA

Age Category
At Modal Age

or Younger
Older than
Modal Age

Race/Ethnicity
White

Black

Hispanic
Other

Gender'
Male

Female

SD

Yes

No

LEP

Yes

No

SD, LEP

SD Yes; LEP Yes

SD Yes; LEP No

SD No; LEP Yes

SD No; LEP, No

Mathematics

fflothematics

Theme

Mathematics

Estimation

Advanced

Mathematics Advanced Science

Before After Before After Before After Before After Before After

7.2 8.0 5.9 7.5 7.9 9.2 9.1 10.6 10.6 11.7
3.3 3.8 3.8 4.1 5.2 6.1 7.1 7.9 4.9 5.4

89.5 88.1 90.3 88.3 86.9 84.7 83.7 81.5 84.5 82.9

15.3 14.6 17.2 17.3 15.0 14.5 15.5 16.9 15.5 15.2
21.3 20.8 15.8 15.4 23.4 23.5 20.4 19.8 16.7 15.6

19.2 18.8 23.8 23.6 19.2 19.4 19.5 18.8 27.1 27.6

14.4 15.2 15.0 15.7 14.3 15.1 15.5 14.8 12.1 12.9
1.3 1.2 0.9 0.9 1.3 1.2 0.7 0.7 0.8 0.7

13.2 13.1 14.6 14.3 11.5 10.7 14.4 14.6 13.9 13.5
2.9 3.1 5.9 5.8 2.0 2.2 6.0 6.6 5.6 5.9

12.5 13.1 6.8 7.0 13.2 13.4 7.9 7.9 8.3 8.7

65.9 66.0 65.4 65.7 67.0 66.6 74.0 73.7 72.5 72.3

34.1 34.0 34.6 34.3 33.0 33.4 26.0 26.3 27.5 27.7

70.0 70.0 69.1 68.6 70.5 70.9 74.8 74.1 74.8 74.1
13.1 13.4 13.1 13.0 12.7 12.8 7.3 7.2 8.9 9.1
10.1 9.6 10.6 11.2 11.6 10.9 7.5 7.9 6.8 7.0
6.8 7.0 7.1 7.2 5.1 5.4 10.4 10.8 9.5 9.7

47.9 47.6 49.8 49.1 47.4 47.3 50.2 50.3 49.4 49.2
52.1 52.4 50.2 50.8 52.6 52.7 49.1 49.0 50.5 50.8

2.7 2.7 2.5 2.2 2.7 2.4 0.6 0.7 0.4 0.3
97.3 97.3 97.5 97.8 97.3 97.6 99.4 99.3 99.6 99.7

1.1 1.1 1.8 1.6 0.9 1.0 1.2 1.2 1.1 1.0
98.9 98.9 98.2 98.4 99.1 99.0 98.8 98.8 98.9 99.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.7 2.7 2.4 2.2 2.7 2.4 0.6 0.7 0.4 0.3
1.1 1.1 1.8 1.6 0.9 1.0 1.2 1.2 1.1 1.0

96.2 96.2 95.7 96.2 96.3 96.5 98.2 98.1 98.5 98.6

1 Gender is unknown for a small percentage of students.
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Table A.9 shows that with two exceptions at grade 12, for the distributions of type of
school attended and place where the school is located, the effect of the student nonparticipation
adjustment has resulted in very little change in distribution. The changes in the distribution of
school type for Mathematics Estimation and Advanced Mathematics reflect the relatively high

nonresponse rate of grade 12 public school students (22.7% versus 8.5% for nonpublic school

students; from the NAEP 1996 Technical report).'
Table A.10 shows the weighted distributions of eligible students in participating schools,

using the base weights of assessed and absent students unadjusted for school-level nonresponse.
Tables A.9 and A.10 show that both school and student-level nonresponse and nonresponse
adjustments have little effect on the distributions of eligible students by age, race/ethnicity,
gender, and SD and LEP status. All of the distributions in the tables are similar.

Table

llsgribugion (in %) a popankelll©s Off gilsililaqa
Studer ls Before Schad coinid Sguden9 Moneesponse

Acgllessgmeng., V996 Main MAC G) Sangolles
(Exchscang Seance), Grade V2

THE NATION'S

REPORT

CARD

Mathematics

Mathematics

Theme

Mathematics

Estimation

Advanced

Mathematics Advanced Science

Population

Age Category
At Modal Age or Younger 65.6 64.9 66.3 74.0 72.1

Older than Modal Age 34.4 35.1 33.7 26.0 27.9

Race/Ethnicity
White 71.0 69.1 70.8 75.4 76.0
Black 12.8 13.4 12.6 7.5 8.8

Hispanic 9.5 10.3 11.6 7.3 6.3
Other 6.8 7.1 5.1 9.8 9.0

Gender'
Male 47.9 49.9 47.8 49.8 49.6

Female 52.1 50.0 52.2 49.4 50.3

SD

Yes 2.6 2.5 2.8 0.5 0.4
No 97.4 97.5 97.2 99.5 99.6

LEP

Yes 1.0 1.8 1.0 1.1 1.0

No 99.0 98.2 99.0 98.9 99.0

SD, LEP

SD Yes; LEP Yes 0.0 0.0 0.0 0.0 0.0

SD Yes; LEP No 2.6 2.5 2.8 0.5 0.4

SD No; LEP Yes 1.0 1.8 1.0 1.1 1.0

SD No; LEP No 96.3 95.7 96.2 98.4 98.6

1 Gender is unknown for a small percentage of students.

Allen, et al., (1999). op. cit.
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When comparing the distributions in Table A.9 before and after student nonresponse
adjustments, we expect the distributions by age category and race/ethnicity to be similar because
these variables were used to determine student nonresponse adjustment classes. However, the
distributions by gender and SD and LEP status are also similar. To the extent that nonrespondents
would perform like respondents with the same characteristics (defined by the characteristics in
the tables), the bias in the assessment data is small.

Further information about potential nonresponse bias can be gained by studying the
absent students. NAEP proficiency estimates are biased to the extent that assessed and absent
students within the same weighting class differ in their distribution of proficiency. It seems likely
that the assumption that absent students are similar in proficiency to assessed students is
reasonable for some absent students namely, those whose absence can be characterized as
random. Conversely, it seems likely that students with longer and more consistent patterns of
absenteeism such as truants, dropouts, near dropouts, and the chronically ill are unlikely to
be as proficient as their assessed counterparts.

In the 1996 assessments, schools were asked to classify each absent student into one of
nine categories. The results of this classification for the assessments are shown in Table A.11.
Table A.11 shows that, as anticipated, the majority of absenteeism from the assessment was the
result of an absence from school of a temporary and unscheduled nature. The table shows that
among the two Advanced sessions, the absenteeism rate is lower than among the 'non-Advanced'
sessions. The proportion of absenteeism classified as temporary is similar across subjects,
including science (63.6%).
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Table non
Weighged Disgwibagion (in %) o6 Aeoseng' Sguclengz,

akag'CLDFS ©6 Afosengesism, Y996 Assessomenks
(L ciuding Science), Grade D2

THE NATION'S
REPORT

CARD

Mathematics

Mathematics

Theme

filathematics

Estimation

Advanced

Mathematics Advanced Science

Nature Cg
Absenteeism

Temporay Absence' 65.2 59.9 58.9 60.9 64.5

Long-term Absence2 1.3 1.0 2.0 1.0 0.0

Chronic Truant 1.0 1.4 1.5 0.1 0.0

Suspended or Expelled 0.4 0.2 0.3 0.1 0.3

Parent Refusal 8.1 5.8 12.8 11.1 11.7

Student Refusal 10.8 14.7 6.9 14.3 12.9

In School, Did not
Attend Session 8.2 10.6 9.3 9.3 5.7

In School, not Invited' 0.0 0.0 0.0 0.0 0.0

Other 4.9 6.3 8.3 3.2 4.8

Missing 0.0 0.0 0.0 0.0 0.0

Total Absentee Sample 2,598 1,112 449 460 379

Total Sample Size 13, 258 4,972 2,338 3,425 2,810

Overall Absentee Rate 19.6 22.4 19.2 13.4 13.5

Absent less than two weeks due to illness, disability, or excused absence.

2 Absent more than two weeks due to illness or disability.

3 In school, but not invited to assessment session due to disruptive behavior.

For each subject in grade 12, a significant component of absenteeism is not temporary or
due to parental refusal. Chronic truants, those suspended, and those in school but not attending,
constitute the obvious candidates for potential bias. These groups comprise 6.0 to 9.5 percent of
absent students in the Advanced sessions (or 0.8% to 1.3% of each total sample). Among the
non-Advanced sessions, the groups comprise 9.6 to 12.2 percent of absent students (or 1.8% to
2.7% of each total sample). Thus their potential for introducing significant bias under the current
procedures is minor.

As with all NAEP assessments, data collection was conducted by trained Westat field
staff. Materials collected as part of the 1996 assessment were shipped to National Computer
Systems, where trained staff evaluated the responses to the constructed-response questions using
scoring rubrics or guides prepared by the Educational Testing Service (ETS).

Each constructed-response question had a unique scoring rubric that defined the
criteria used to evaluate students' responses. The extended constructed-response questions
were evaluated with four- or five-level rubrics (e.g., no evidence of understanding, evidence of
minimal understanding, evidence of partial understanding, and evidence of satisfactory or
extended understanding). Short constructed-response questions first appearing in the 1996
assessment were rated according to three-level rubrics that permitted partial credit (e.g., evidence
of little or no understanding, evidence of partial understanding, and evidence of full
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understanding). Other short constructed-response questions that were carried over from previous
assessments were scored as either "correct" or "incorrect." For more information, see the NAEP
1996 Technical Report.8

Student responses for constructed responses also were scored as "off task" if the student
provided a response that was deemed not related in content to the question asked. A simple
example of this type of response is, "I don't like this test." In contrast, responses scored as
"incorrect" were valid attempts to answer the question that were simply wrong.

Altscrazotio 17DT6DeedluaTez

The results from the Estimation Study were analyzed and reported in terms of the NAEP
proficiency scale metric, while the results from the Theme Study and the Advanced Study were
reported simply in terms of block percent correct scores. It was possible to scale the results from
the Estimation Study because all of the questions were presumed to measure a relatively
unidimensional mathematical trait: the ability to estimate and work with estimated data. However,
no such single trait was hypothesized to underlie the questions from either the Theme Study or
the Advanced Study. Rather, Theme Study questions were characterized by being presented in a
single practical context, and Advanced Study questions were characterized by their more
challenging content, some of which might only be covered in advanced courses.

For the Theme and Advanced Studies, another alternative might have been to scale the
items onto the mathematics scales used in the main NAEP assessment. However, this would have
required a very large number of linking questions because the main reporting scale in
mathematics is actually a composite of five separately scaled subscales representing the various
mathematics content areas. Theme Study and Advanced Study questions therefore would have
had to be disaggregated onto five subscales for analysis and scaling, and stable links would have
been required for each subscale.

EsCimozatti S allaa/10

The Estimation booklet at each grade was scaled with an IRT analysis, and proficiencies were
calculated for students and put on the scale of the 1992 Mathematics Estimation assessment. The
calculation of proficiencies for each grade involved a number of steps. First, the Estimation data
were scaled, using the PARSCALE program to estimate item parameters. This scaling was
entirely separate from the analysis of the main BIB data, and data from the non-estimation block,
M4, were not used.

Next, conditioned proficiency scores were created. Here, the same background variables
and the same resulting contrasts as in the main assessment were used. However, because the
principal components of the contrasts are sample dependent, these principal components were
calculated separately for the Estimation and the main data.

5 Allen, et al., (1999). op. cit. 217
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Conditioned scores are initially in an arbitrary metric, with a mean approximately zero and a
standard deviation approximately one. Therefore, the conditioned Estimation scores were linearly
transformed in order to place them onto the 1992 Estimation proficiency scale. That is, each score was
multiplied by one constant and then another constant was added to it, in the form:

Pi = A*x, + B,

where x. the score for student i in the arbitrary metric, P, the score for student i in the
1992 Estimation scale metric, and A and B are appropriate constants. These constants, called
transformation constants, also are sample dependent and therefore specific to the
Estimation samples.

Table A.12 shows the A and B constants used to transform the initial 1996 Estimation scores
from an arbitrary metric to the 1992 metric.

Table
Constangs Used Dia Transgarrn

F5996 ESOnvagion Scale &®s P® Me
D'992 MEP ESOrruagion Progiciency Alefirk

THE NATION'S
REPORT

CARD

A B

Grade

37.9729
28.0702
27.9881

207.2608
269.9908
295.8688

Grade 4
Grade 8

Grade 12

1

For this report, the following Estimation Study performance data were presented for each
grade and for selected subgroups within each grade:

o average proficiency means, with standard errors reflecting sampling and
measurement error;

o average proficiency means at percentile levels 5, 10, 25, 50, 75, 90, and 95; and

o the percentage of students at or above achievement levels of Advanced, Proficient,
Basic, and below Basic.
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71Tateme Oatado
lock Percent Correct Scores for Each Student. The linking block, M4, was dropped

from the analysis, and a block percent correct score for each student was calculated using the
Theme block (M21 or M22). The block percent correct score was calculated as a straight
percentage correct with not-reached items counted as wrong. Dichotomous items were scored 0
(wrong) and 1 (correct), and polytomous items were scored from 0 to m 1 (m being the number
of categories in a given polytomous item), so 0 = 0, the first partial credit category = 1, the
second = 2,..., and so on to m 1.

The student percent correct scores were broken down by:

o gender;

o race/ethnicity;

o frequency of writing a few sentences about how to solve a mathematics problem; and

I

o frequency of writing reports or doing a mathematics project.

For the "frequency of writing" variables, teacher responses were used at grades 4 and 8.
Because teachers of twelfth-grade students were not surveyed, student responses were used at
grade 12.

Significance tests were run for families of tests defined by the contrasts among levels of
each variable. This was accomplished by using standard almanac programs.

Etem-by-fftem Statistics for Questions in the Released Block. For the individual item
statistics for questions in the released Theme blocks at each grade, the following procedures
were used:

Al 11

o For dichotomous items, percentages responding to each alternative were
calculated, but generally only the percentages for the correct response were included in
the report.

o For polytomous items, percentages responding to each partial credit category were
calculated and generally reported.

o The percentages responding in categories were reported for the whole group and were
also broken down by categories of four variables:

1. gender;
2. race/ethnicity;
3. frequency of writing a few sentences about how to solve a mathematics

problem; and
4. frequency of writing reports or doing a mathematics project.
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Booklet percent correct scores were calculated for each student in a manner similar to the block
percents created for the Theme analysis. The difference is that the two Advanced blocks were
analyzed together to create a single booklet percent correct score for each student. The linking
block, M20, was deleted from the analysis.

The booklet percent correct scores were reported for the whole group and for subgroups
defined by gender and race/ethnicity. In addition, for grade 12, a breakdown of the booklet
percents was done by two self-report variables: (1) whether the student was currently taking
mathematics and (2) whether the student was taking or had taken an AP mathematics course.

Response category frequencies and percentages were reported on various background,
course-taking, and classroom practices variables. These responses also were reported
for a comparison sample of students from the main assessment who were not eligible for the
Advanced Study.

For each group, information on the following demographic variables was reported:

o gender;

o race/ethnicity;

o parent education;

o home resources;

o region;

o location;

o type of school;

o Title 1 participation; and

o eligibility for the federal Free/Reduced-Price School Lunch program.

In addition, information was reported on the following classroom practices variables:

o emphasis on mathematics topics;

o emphasis on mathematics skills;

o unrestricted use of calculators;

o permitted use of calculators on tests;

o access to calculators;

o provision of instruction in use of calculators;
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o availability of graphing calculators; and

o primary use of graphing calculators.

The classroom practices variables are based on teacher responses. At grade 12, these were
only available for the Advanced sample because grade 12 teachers in the main sample were
not surveyed.

In addition, the report provides information on the average proficiency of the
Advanced-eligible and not-Advanced-eligible students in the main sample. Because the
Advanced-eligible students in the main sample were selected by exactly the same criterion as the
students who actually participated in the Advanced Study, this affords a direct comparison of the
mathematics achievement of the two groups.

Item-by-item statistics for items in both Advanced blocks were reported for grades
8 and 12.

a) For dichotomous items this included percentages responding to each alternative, with
the key (correct) alternative marked.

b) For polytomous items this included percentages responding to each partial
credit category.

c) The percentages responding in categories were shown for the whole group and broken
down by the variables:

o gender, and
o race/ethnicity.

d) In addition for grade 12, the breakdown variables also included:

o whether the student was currently taking mathematics; and
o whether student had taken an AP course in mathematics.

IVILEEP) Merpoo-Cifisso OTesarpo

In this report, results are provided for groups of students defined by shared characteristics
gender, race/ethnicity, parental education, type of school, region of the country, participation in
Title I programs, and eligibility for the federal Free/Reduced-Price School Lunch program.
Results are reported for subpopulations only when sufficient numbers of students and adequate
school representation are present. For public and nonpublic school students in the national
assessment, the minimum requirement is at least 62 students in a particular subgroup from at
least 5 primary sampling units (PSUs).5 However, the data for all students, regardless of whether
their subgroup was reported separately, were included in computing overall results. Definitions of
the subgroups referred to in this report are presented below.

5 For the national assessment, a PSU is a selected geographic region (a county, group of counties, or metropolitan statistical area).
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Genseerr
Results are reported separately for males and females.

eacelettllaysi 1(AV
The race/ethnicity variable is derived from school records and two questions asked of students
from the set of general student background questions.

If you are Hispanic, what is your Hispanic background?

O I am not Hispanic

0 Mexican, Mexican American, or Chicano
0 Puerto Rican

0 Cuban
0 Other Spanish or Hispanic background

Students who responded to this question by filling in the second, third, fourth, or fifth oval
were considered Hispanic. For students who filled in the first oval, did not respond to the
question, or provided information that was illegible or could not be classified, responses to the
following question were examined to determine their race/ethnicity.

Which best describes you?

O White (not Hispanic)

0 Black (not Hispanic)
0 Hispanic ("Hispanic" means someone who is Mexican, Mexican

American, Chicano, Puerto Rican, Cuban, or of other Spanish or
Hispanic background.)

0 Asian or Pacific Islander ("Asian or Pacific Islander" means someone
who is from a Chinese, Japanese, Korean, Filipino, Vietnamese, or
other Asian or Pacific Islander background.)

0 American Indian or Alaskan Native ("American Indian or Alaskan
Native" means someone who is from one of the American Indian
tribes or is one of the original people of Alaska.)

0 Other (specify)

Students' race/ethnicity was then assigned on the basis of their responses. For students
who filled in the sixth oval ("Other"), provided illegible information or information that could
not be classified, or who did not respond at all, race/ethnicity was assigned as determined by
school records.°

Race/ethnicity could not he determined for students who did not respond to either of the
demographic questions and whose schools did not provide information about race/ethnicity.

6 The procedure for assigning race/ethnicity was modified for Hawaii. See the NAEP 1996 Technical Report for details.
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Details of how race/ethnicity classifications were derived are presented so that readers can
determine how useful the results are for their particular purposes. Also, some students indicated
that they were from a Hispanic background (e.g., Puerto Rican or Cuban) and that a racial/ethnic
category other than Hispanic best describes them. These students were classified as Hispanic
based on the rules described above. Furthermore, information from the schools did not always
correspond to how students described themselves. Therefore, the racial/ethnic results presented
in this report attempt to provide a clear picture based on several sources of information.

EipaaTemCo9 DatioDaeott gewen off echaPal
The variable representing the level of parental education is derived from responses to two
questions from the set of general student background questions. Students were asked to indicate
the extent of their mother's education and their father's education.

How far in school did your mother go?

0 She did not finish high school.

0 She graduated from high school.

0 She had some education after high school.

0 She graduated from college.

0 I don't know.

How far in school did your father go?

0 He did not finish high school.

0 He graduated from high school.

0 He had some education after high school.

0 He graduated from college.

0 I don't know.

The information was combined into one parental education reporting variable determined
through the following process. If a student indicated the extent of education for only one parent,
that level was included in the data. If a student indicated the extent of education for both parents,
the higher of the two levels was included in the data. If a student did not know the level of
education for both parents or did not know the level for one parent and did not respond to the
other, the parental education level was classified as "I don't know." If the student did not respond
for either parent, the student was recorded as having provided no response.

(-)
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Results are reported by the type of school that the student attended public or nonpublic.
Nonpublic schools include Catholic and other private schools. Although Bureau of Indian Affairs
(BIA) schools and Department of Defense Domestic Dependent Elementary and Secondary
Schools (DDESS) are not included in either the public or nonpublic categories, they are included
in the overall national results.

gieutiom
Results are reported for four regions of the nation: Northeast, Southeast, Central, and West. Figure
A.1 shows how states are subdivided into these regions.

Figure no Usgions Me Coungry

THE NATION'S
REPORT

CARD

Northeast Southeast Central MAP

Connecticut Alabama Illinois Alaska
Delaware Arkansas Indiana Arizona
District of Columbia Florida Iowa California
Maine Georgia Kansas Colorado
Maryland Kentucky Michigan Hawaii
Massachusetts Louisiana Minnesota Idaho
New Hampshire Mississippi Missouri Montana
New Jersey North Carolina Nebraska Nevada
New York South Carolina North Dakota New Mexico
Pennsylvania Tennessee Ohio Oklahoma
Rhode Island Virginia* South Dakota Oregon
Vermont West Virginia Wisconsin Texas
Virginia* Utah

Washington
Wyoming

* Note: The part of Virginia that is included in the Washington, DC metropolitan area is included in the Northeast region;
the remainder of the state is included in the Southeast region.

Mae II paantliciparaticart
Based on available school records, students were classified either as currently participating in a
Title 1 program or receiving Title 1 services, or as not receiving such services. The classification
applies only to the school year when the assessment was administered (i.e., the 1995-96 school
year) and was not based on participation in previous years. If the school did not offer Title 1
programs or services, all students in that school would be classified as not participating.
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Lamella Iwo roan
Based on available school records, students were classified as either currently eligible for the
Free/Reduced-Price School Lunch component of the Department of Agriculture's National School
Lunch Program or not eligible. The classification applies only to the school year when the
assessment was administered (i.e., the 1995-96 school year) and was not based on eligibility in
previous years. If school records were not available, the student was classified as "Information not
available." If the school did not participate in the program, all students in that school were
classified as "Information not available."

Caatt8§OntO ant Lintget7Te aaa MOM

This report describes students', teachers', and principals' responses to background questions as
well as mathematics performance for fourth-, eighth-, and twelfth-grade students. The report also
compares the performance results for various groups of students within these populations (e.g.,
those who responded to a specific background question in a particular way or by individual
course-taking groups as described above). However, it does not include an analysis of the
relationships among combinations of these subpopulations or background questions. In
interpreting these data, it is important to understand that a relationship that exists between
achievement and another variable does not reveal its underlying cause, which may be influenced
by a number of other variables. Similarly, the assessments do not capture the influence of
unmeasured variables. The results are most useful when they are considered in combination with
other knowledge about the student population and the educational system, such as trends in
instruction, changes in the school-age population, and societal demands and expectations.

Ezil§amagaritz TYGgirilatUkantio

Because the statistics presented in this report are estimates of group and subgroup performance
based on samples of students rather than the estimates that could he calculated if every student in
the nation answered every question, the degree of uncertainty associated with the estimates
should be taken into account. Two components of uncertainty are accounted for in the variability
statistics based on student ability: (1) the uncertainty due to sampling only a relatively small
number of students and (2) the uncertainty due to sampling only a relatively small number of
cognitive questions. The first component accounts for the variability associated with the estimated
percentages of students who had certain background characteristics or who answered a certain
cognitive question correctly.

Because NAEP uses complex sampling procedures, conventional formulas for estimating
sampling variability that assume simple random sampling are inappropriate. NAEP uses a
jackknife replication procedure to estimate standard error. The jackknife standard error provides
a reasonable measure of uncertainty for any student information that can be observed without
error. However, because each student typically responds to only a few questions within any
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content strand, the scale score for any single student would be imprecise. In this case, plausible
values technology can be used to describe the performance of groups or subgroups of students,
but the underlying imprecision involved in this step adds another component of variability to
statistics based on NAEP scale scores.'

Typically, when the standard error is based on a small number of students or when the
group of students is enrolled in a small number of schools, the amount of uncertainty associated
with the standard error may be quite large. Throughout this report, estimates of standard errors
subject to a large degree of uncertainty are designated.

The reader is reminded that, like findings from all surveys, NAEP results are subject to
other kinds of error, including the effects of imperfect adjustments for student and school
nonresponse and unknowable effects associated with the particular instrumentation and data
collection methods. Nonsampling errors can be attributed to a number of sources inability to
obtain complete information about all selected schools in the sample (some students or schools
refused to participate, or students participated but answered only certain questions); ambiguous
definitions; differences in interpreting questions; inability or unwillingness to give correct
information; mistakes in recording, coding, or scoring data; and other errors in collecting,
processing, sampling, and estimating missing data. The extent of nonsampling error is difficult to
estimate, and, because of their nature, the impact of such errors cannot be reflected in the data-
based estimates of uncertainty provided in NAEP reports.

IlDmagfo§sso llssgeTemeez fironna trite PRezagnaz

As noted, because the percentages of students and their average scale scores are based on
samples rather than on the entire population of fourth-, eighth-, or twelfth-graders in the nation or
a jurisdiction, the numbers reported are estimates. As such, they are subject to a measure of
uncertainty, reflected in the standard error of the estimate. When the percentages or average scale
scores of certain groups are compared, the standard error should be taken into account, and
observed similarities or differences should not be relied on solely. Therefore, the comparisons
discussed in this report are based on statistical tests that consider the standard errors of those
statistics and the magnitude of the difference among the averages or percentages.

The results from the sample, taking into account the uncertainty associated with all
samples, are used to make inferences about the population. Using confidence intervals based on
the standard errors provides a way to make inferences about the population averages and
percentages in a manner that reflects the uncertainty associated with the sample estimates.
An estimated sample average scale score ± 2 standard errors approximates a 95 percent
confidence interval for the corresponding population quantity. This statement means that one can
conclude with approximately a 5 percent level of confidence that the average performance of the
entire population of interest (e.g., all fourth-grade students in public schools in a jurisdiction) is
within ± 2 standard errors of the sample average.

For more details, see Johnson, E. G. & Rust, K. F. (1992). Population inferences and variance estimation for NAEP data.
Journal of Educational Statistics, 17(2), 175-190.
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As an example, suppose that the average mathematics scale score of the students in a
particular group was 256, with a standard error of 1.2. A.95 percent confidence interval for the
population quantity could be described in any of the following ways:

Average ± 2 standard errors
256 ± 2 X 1.2
256 ± 2.4
253.6, 258.4

Thus, one can conclude with a 5 percent level of confidence that the average scale score for the
entire population of students in that group is between 253.6 and 258.4.

Similar confidence intervals can be constructed for percentages, if the percentages are not
extremely large or extremely small. For extreme percentages, confidence intervals constructed in
the above manner may not be appropriate, and accurate confidence intervals can be constructed
only using procedures that are quite complicated.

Extreme percentages, defined by both the magnitude of the percentage and the size of the
sample from which it was derived, should be interpreted with caution. The NAEP 1996 Technical
Report contains a more complete discussion of extreme percentages.8

kimaaUgjewao Gooaccarp THIffeiremeez lawen:cagjez
cumall IlDeireemCcuez

The statistical tests determine whether the evidence, based on the data from the groups in the
sample, is strong enough to conclude that the averages or percentages are actually different for
those groups in the population. If the evidence is strong (i.e., the difference is statistically
significant), the report describes the group averages or percentages as being different
(e.g., one group performed higher than or lower than another group), regardless of whether the
sample averages or percentages appear to be approximately the same. If the evidence is not
sufficiently strong (i.e., the difference is not statistically significant), the averages or percentages
are described as being not significantly different, regardless of whether the sample averages or
percentages appear to be approximately the same or widely discrepant.

The reader is cautioned to rely on the results of the statistical tests rather than on the
apparent magnitude of the difference between sample averages or percentages when determining
whether the sample differences are likely to represent actual differences among the groups in
the population.

To determine whether a real difference exists between the average scale scores
(or percentages of a certain attribute) for two groups in the population, one needs to obtain an
estimate of the degree of uncertainty associated with the difference between the averages (or
percentages) of these groups for the sample. This estimate of the degree of uncertainty, called the
standard error of the difference between the groups, is obtained by taking the square of each group's
standard error, summing the squared standard errors, and taking the square root of that sum.

8 Allen, et al., (1999). op. cit.
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Standard Error of the Difference = SEA..B = q(SEA2+ SEB2)

Similar to how the standard error for an individual group average or percentage is used,
the standard error of the difference can be used to help determine whether differences among

groups in the population are real. The difference between the averages or percentages of the two

groups ± 2 standard errors of the difference represents an approximate 95 percent confidence
interval. If the resulting interval includes zero, there is insufficient evidence to claim that a real
difference between the groups is statistically significant (different) at the 0.05 level. In this report,
differences among groups that involve poorly defined variability estimates or extreme percentages

are not discussed.
As an example, to determine whether the average mathematics scale score of Group A is

higher than that of Group B, suppose that the sample estimates of the average scale score and
standard errors were as follows:

Group Average Scale Score Standard Error

A 218 0.9
B 216 1.1

The difference between the estimates of the average scale scores of Groups A and B is 2 points
(218-216). The standard error of this difference is:

/(0.92 + = 1.4

Thus, an approximate 95 percent confidence interval for this difference is:

Difference ± 2 standard errors of the difference
2 ± 2 X 1.4
2 ± 2.8
0.8, 4.8

The value zero is within the confidence interval; therefore, there is insufficient evidence to claim
that Group A outperformed Group B.

The procedures described in this section and the certainty ascribed to intervals
(e.g., a 95 percent confidence interval) are based on statistical theory that assumes that only one
confidence interval or test of statistical significance is being performed. However, in Chapters 2-4
of this report, many different groups are being compared (i.e., multiple sets of confidence intervals
are being analyzed). In sets of confidence intervals, statistical theory indicates that the certainty

associated with the entire set of intervals is less than that attributable to each individual
comparison from the set. To hold the significance level for the set of comparisons at a particular
level (e.g., 0.05), adjustments (called multiple comparison procedures) must be made to the
methods described in the previous section. One such procedure, the Bonferroni method, was
used in the analyses described in this report to obtain confidence intervals for the differences
among groups when sets of comparisons were considered.9Thus, the confidence intervals for the

sets of comparisons in the text are more conservative than those described on the previous pages.

9 Miller, R. G. (1966). Simultaneous statistical inference. New York: WilN.
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Most of the multiple comparisons in this report pertain to relatively small sets or families
of comparisons. For example, for discussions concerning comparisons of parents' level of
education, six comparisons were conducted all pairs of the four parental education levels.
In these situations, Bonferroni procedures were appropriate.

M
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The comparisons presented in this report are based on statistical tests that consider the magnitude

of the difference between group averages or percentages and the standard errors of those statistics.

The following appendix contains the standard errors for the averages and percentages discussed

in Chapters 2, 3, and 4. For ease of reference, the format and headings of each table in this

appendix match the corresponding chapter table, although the numbers that appear are actually

standard errors.

Table B2.4 Standard Errors for Average Scale Scores for National
NAEP and Estimation Studies, Grades 4, 8, and 12 B-5

Table B2.5 Standard Errors for Scale Scores in Estimation by
Background Variables, Grades 4, 8, and 12, 1996 B-6

Table B2.6 Standard Errors for Average Scale Scores in Estimation
at Different Percentile Levels, Grades 4, 8, and 12 B-7

Table B2.7 Standard Errors for National Percentages Attaining
Achievement Levels in Estimation, Grades 4, 8, and 12 B-8

Table B2.8 Standard Errors for Percent of Students Reaching
at Least Proficient Level in Estimation by Background
Variables, Grades 4, 8, and 12, 1996 B-9

Table B3.1 Standard Errors for Student Demographic Distributions
by Assessment, Grade 4, 196 B-10

Table B3.2 Standard Errors for Percentage of Students by Teachers'
Reports on Classroom Practices, Grade 4, 1996 B-11

Table B3.3 Standard Errors for Average Percentage Correct Scores
by Theme Block, Grade 4, 1996 B-12

Table B3.4 Standard Errors for Score Percentages for
"Draw Symmetrical Figure," Grade 4 B-13

Table B3.5 Standard Errors for Score Percentages for
"Measure Length Using Ruler," Grade 4 B-13

Table B3.6 Standard Errors for Score Percentages for
"Solve Packing Problems," Grade 4 B-14

Table B3.7 Standard Errors for Score Percentages for
"Determine Number of Models," Grade 4 B-14
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Table B3.8 Standard Errors for Score Percentages for
"Determine Number of Leaves," Grade 4 B-15

Table B3.9 Standard Errors for Score Percentages for
"Interpret Pattern of Figures," Grade 4 B-15

Table B3.10 Standard Errors for Student Demographic
Distributions by Assessment, Grade 8, 1996 B-16

Table B3.11 Standard Errors for Percentage of Students by
Teachers' Reports on Classroom Practices, Grade 8, 1996 B-17

Table B3.12 Standard Errors for Average Percentage Correct Scores
by Theme Block, Grade 8, 1996 B-18

Table B3.13 Standard Errors for Score Percentages for
"Identifying Needed Information," Grade 8 B-19

Table B3.14 Standard Errors for Percentages Correct for
"Identifying Needed Information," Grade 8 B-19

Table B3.15 Standard Errors for Percentage Correct for
"Determine Minimum Measuring Needed," Grade 8 B-20

Table B3.16 Standard Errors for Score Percentages for
"Measure Lengths Using Ruler," Grade 8 B-20

Table B3.17 Standard Errors for Score Percentages for
"Apply Concept of Ratio," Grade 8 B-21

Table B3.18 Standard Errors for Percentage Correct for
"Understand Concept of Ratio (I)," Grade 8 B-21

Table B3.19 Standard Errors for Percentage Correct for
"Understand Concept of Ratio (II)," Grade 8 B-22

Table B3.20 Standard Errors for Score Percentages for
"Correctly Position Door," Grade 8 B-22

Table B3.21 Standard Errors for Score Percentages for
"Visualize Cut-Outs on Grid," Grade 8 B-23

Table B3.22 Standard Errors for Score Percentages for
"Apply Geometry in Model," Grade 8 B-23

Table B3.23 Standard Errors for Score Percentages for
"Find Maximum Area When Perimeter is Fixed," Grade 8 B-24

Table B3.24 Standard Errors for Student Demographic Distributions
by Assessment, Grade 12, 1996 B-25

Table B3.25 Standard Errors for Percentage of Students by
Reports on Classroom Practices, Grade 12, 1996 B-26

Table B3.26 Standard Errors for Average Percentage Correct
Scores by Theme Block, Grade 12, 1996 B-27

Table B3.27 Standard Errors for Percentage Correct for
"Find Amount of Down Payment," Grade 12 B-28

Table B3.28 Standard Errors for Percentage Correct for
"Find Total Amount Paid for Car," Grade 12 B-28

Table B3.29 Standard Errors for Percentage Correct for "Find Difference
Between Total Amount Paid and Price," Grade 12 B-29
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Table B3.30 Standard Errors for Score Percentages for
"Find Amount To Be Financed," Grade 12 B-29

Table B3.31 Standard Errors for Score Percentages for
"Use Formula to Find Total Cost," Grade 12 B-30

Table B3.32 Standard Errors for Score Percentages for
"Find Amount Saved if Leased," Grade 12 B-30

Table B3.33 Standard Errors for Score Percentages for
"Price Lease vs. Buy," Grade 12 B-31

Table B4.1 Standard Errors for Student Demographic
Distributions, Grade 8, 1996 B-32

Table B4.2 Standard Errors for Student/School
Demographic Distributions, Grade 8, 1996 B-33

Table B4.3 Standard Errors for Content Emphases in
Mathematics, Grade 8, 1996 B-34

Table B4.4 Standard Errors for Process Emphases
in Mathematics, Grade 8, 1996 B-35

Table B4.5 Standard Errors for Calculator Emphases
in Mathematics, Grade 8, 1996 B-36

Table B4.6 Standard Errors for Average Mathematics Scale
Scores by Eligibility for Advanced Study, Grade 8 B-36

Table B4.8 Standard Errors for Average Percentage
Correct Scores, Advanced Study, Grade 8, 1996 B-37

Table B4.9 Standard Errors for Score Percentages for
"Car Wash Supplies," Grade 8 B-37

Table B4.10 Standard Errors for Score Percentages for
"Begin to Earn Profit," Grade 8 B-38

Table B4.11 Standard Errors for Score Percentages for
"Greatest Profit Expected," Grade 8 B-39

Table B4.12 Standard Errors for Score Percentages for
"Hot Air Balloon," Grade 8 B-39

Table B4.13 Standard Errors for Student Demographic
Distributions, Grade 12, 1996 B-40

Table B4.14 Standard Errors for Student/School Demographic
Distributions, Grade 12, 1996 B-41

Table B4.15 Standard Errors for Content Emphases in Classes
Taken by Advanced Study Students, Grade 12, 1996 B-42

Table B4.16 Standard Errors for Process Emphases in Classes
Taken by Advanced Study Students, Grade 12, 1996 B-43

Table B4.17 Standard Errors for Calculator Access in Classes
Taken by Advanced Study Students, Grade 12, 1996 B-44

Table B4.18 Standard Errors for Calculator Usage and Instruction
Classes Taken by Advanced Study Students, Grade 12, 1996 B-45

Table B4.19 Standard Errors for Average Mathematics Scale
Scores by Eligibility for Advanced Study, Grade 12, 1996 B-46
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Table B4.21 Standard Errors for Average Percentage Correct Scores,
Advanced Study, Grade 12, 1996 B-48

Table B4.22 Standard Errors for Score Percentages for
"Use Linear Function," Grade 12 B-49

Table B4.23 Standard Errors for Score Percentages for
"Compare Volumes of Pyramids,"Grade 12 B-50

Table B4.24 Percentage Correct for "Find Resultant Vector," Grade 12 B-51
Table B4.25 Standard Errors for Score Percentages for

"Ferris Wheel," Grade 12 B-52
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Table

Voriclorci 1irr©r il©g Average Scage Scores gar
Moi7ionc20 %AV and Est it Sg.uclies,

Grades 4, ornd

THE NATION'S
REPORT

CARD

Assessment Year

Average Overall

Scale Score in

Mathematics MEP

Average Estimation

Scale Score

Grade

1996 0.9 2.1
1992 0.7 1.5
1990 0.9 1.5

Grade
1996 1.1 1.2
1992 0.9 1.3
1990 1.3 1.2

Grade 1]
1996 1.0 1.2
1992 0.9 1.2
1990 1.1 1.2

L

SOURCE: National Center for Education Statis ics, National Assessment of Educational Progress (NAEP) 1990, 1992, and

1996 Mathematics Assessments.
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Table
Sgandard Errors k Smile &©s in

Nsfifinagion by Oackorround VCOPiCabiles,
Grades 4, 8, and Y2, F996

THE NATION'S
REPORT

CARD

Gender

Average 'CO@ '3213K-r)

Grade 4 Grade 8 Grade 12

Males 2:3 1.7 1.6
Females 2.3 1.6 1.4

Students who Indicated Their
Race/Ethnicity as...

White 2.5 1.6 1.4
Black 4.2 2.0 3.0

Hispanic 2.8 2.8 3.1
Asian/Pacific Islander 9.2! 3.0 6.1

American Indian * * * * * * * * *

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 5.1 2.6 4.2

Graduated From High School 3.6 1.7 1.7
Some Education After High School 5.6 1 .5 1.7

Graduated From College 2.9 1 .9 1.6
I Don't Know 2.7 2.0 * * *

Students who Attend...
Public Schools 2.2 1.3 1 .2

Nonpublic Schools 4.9! . 3.6! 4.4!

Title I Participation...
Participated 3.2 3.2 4.9!

Did Not Participate 2.3 1 .4 1.3

Free/Reduced-Price Lunch
Program Eligibility...

Not Eligible 2.1 1.9 1.4
Eligible 2.8 1.7 3.1

Information Unavailable 5.8 2.8! 2.8

*** Sample size is insufficient to permit a reliable estimate.

Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately
determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table C3D0,5

Sgandard Errors gar Average Scaie Scares in
Ezgirnagan aP Diggereng. Percengie leveis

Grades 4, g, and V 2

THE NATION'S
REPORT

CARD

Assessment

Year

10th

Percentile

25th

Percentile

50th

Percentile

75th
Percentile

90th

Percentile

Grade

1996 5.5 2.6 1.5 3.0 3.6
1992 1.5 2.4 1.8 1.5 3.1

1990 2.4 2.0 2.6 1.9 2.4

Grade

1996 1.2 1.4 1.7 1.1 2.5
1992 2.1 2.0 1.6 1.9 2.5
1990 1.3 1.8 2.3 2.3 1.2

Grade 111'

1996 1.2 1.9 1.6 1.2 1.7
1992 1.4 1.9 1.5 0.9 2.1

1990 1.5 1.6 2.2 1.3 1.1

[

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 992, and

1996 Mathematics Assessments.
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Table D&F

THE RATION'SSgandarcl Eroars Oar Ha &nail Peocentages Attaining REPORT

AchievenDen9 levefis Es9imagian, CARD

©mess 6 and D2

Percentage Students

Assessment

Year Advanced

At or Above

Proficient

At or Above

Basic Below Basic

Grade

Grade

Grade

1996
1992
1990

1996
1992
1990

1996
1992
1990

0.4
0.3

0.3
0.5
0.5

1.0
0.7
0.9

2.4
1.7
1.3

1.6
1.8
1.6

2.5
2.0
2.1

1.3
1.1

1.8

1.9
2.0
2.3

1.2
1.7
1.6

1.3
1.1

1.8

1.9
2.0
2.3

1.2
1.7
1.6

Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1990, 1992, and
1996 Mathematics Assessments.
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Table W3
THE NATION'SStiandard Errors (For Perceng ®g Skodengs Reaching REPORT

19' Least Proficieni7 Level in Esornagion by CARD

3° round Variables, Gr d s 4, aandx 12, 19%

Gender

Percentage Students Achieving Proficient ar U020

Grade 4 Grade 8 Grade 12

Males 3.1 2.0 2.7
Females 2.7 2.1 3.2

Students who Indicated Their
Race/Ethnicity as...

White 3.1 2.1 3.1
Black 2.6 1.1 3.9

Hispanic 2.4 2.4 3.6
Asian/Pacific Islander 9.9! 3.5 8.2

American Indian 9.9!

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 4.2 3.1 4.6

Graduated From High School 4.0 2.3 3.1

Some Education After High School 5.9 2.9 3.5
Graduated From College 4.0 2.7 3.0

I Don't Know 2.9 2.1

Students who Attend...
Public Schools 2.6 1.7 2.2

Nonpublic Schools 5.8! 5.2! 7.4!

Title I Participation...
Participated 2.3 4.2!

Did Not Participate 2.6 1.7 2.6

Free/Reduced-Price Lunch
Program Eligibility...

Not Eligible 3.1 2.8 2.7
Eligible 2.4 1 .9 3.4

Information Unavailable 6.1 2.7! 4.4

- -- Standard errors could not be accurately determined.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix Al.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
Sgandard Errors goo. SguderS Demographic

Udall-116)0711am hy Aszessmeta, Grade 4, D996

THE NATION'S
REPORT

CARD

Percentage Students

Patin Assessment

Theme Block 1

The Butterfly Booth

Theme Block 2

Recycling

Grade

Gender
Males 0.7 1.4 1.4

Females 0.7 1 .4 1.4

Students who Indicated Their
Race/Ethnicity as...

White 0.4 0.9 0.9
Black 0.2 0.6 0.6

Hispanic 0.4 0.6 0.7
Asian/Pacific Islander 0.2 0.3 0.4

American Indian 0.2 0.3 0.3

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 0.3 0.5 0.8

Graduated From High School 0.6 1 .0 1.0
Some Education After High School 0.4 0.7 0.7

Graduated From College 1 .2 1 .3 1.4
I Don't Know 0.9 1 . 1 1 .2

Students who Attend...
Public Schools 1 .6 1.8 1 .6

Nonpublic Schools 1.6 1.8 1.6

Title I Participation...
Participated 1.4 1.9 1.9

Did Not Participate 1.4 1.9 1.9

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 1.4 1.6 1.3
Not Eligible 2.5 2.7 2.6

Information Not Available 3.0 2.4 2.3

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
Sgandarell Errors gar Percengage Sgudengs lloy

Teachers' 2epargs ow Cflassroom Pracgices,
Grade 4, V9C6

THE NATION'S
REPORT

CARD

Percentage Students

lilain Assessment

Theme Block 1

The Butterfly Booth
Theme Block 2

Recycling

Grade

Students Whose Teachers Report
Asking Students to Write a Few

Sentences About How to Solve a
Mathematics Problem...

Nearly Every Day 1.4 1.2 0.9
Once or Twice a Week 2.1 2.1 2.4

Once or Twice a Month 2.6 2.3 2.7
Never or Hardly Ever 2.4 2.8 3.0

Students Whose Teachers Report
Asking Students to Write Reports

or Do a Mathematics Project...
Nearly Every Day 0.5 0.1 0.1

Once or Twice a Week 0.8 0.6 0.5
Once or Twice a Month 2.3 2.7 2.6

Never or Hardly Ever 2.4 2.7 2.7

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
Standard Errors ©r Average PercenPage Correa

5c©s hy Theme Nock, Grade 4, V996

THE NATION'S
REPORT

CARD

The Butterfly Booth Recycling

Grade

All Students 0.7 0.6

Gender
Males 0.9 0.8

Females 0.8 0.6

Race/Ethnicity

White 0.8 0.7
Black 0.7 1.1

Hispanic 0.9 1.1

Asian/Pacific Islander 2.4 2.1
American Indian

Students Whose Teachers Report Asking
Students to Write a Few Sentences

About How to Solve a
Mathematics Problem...

Nearly Every Day 3.3 1.9
Once or Twice a Week 1.2 1.3

Once or Twice a Month 1.2 1 .4

Never or Hardly Ever 1.2 1.3

Students Whose Teachers Report Asking
Students to Write Reports or Do a

Mathematics Project...
Nearly Every Day *** ***

Once or Twice a Week *** ***
Once or Twice a Month 1.4 1.6

Never or Hardly Ever 0.8 0.7

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B3.4
Sgandard Errors go Score Percengages Igor

"Draw Symnegricall Figure," Grade 4

THE NATION'S
REPORT

CARD

Satisfactory Partial fflinimal Incorrect Omit

Grade

All Students 1 .2 0.8 0.9 0.7 1 .4

Males 1.6 1.1 1.3 1.1 1.8
Females 1.8 1.3 1.2 0.9 1.7

White 1 .4 0.9 1.1 0.9 1 .5

Black 1.7 1.8 2.1 1.9 2.6
Hispanic 1.7 2.0 1.5 1.5 2.9

Asian/Pacific Islander 7.6 4.1 3.1 2.8 5.5
American Indian ***

r

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table
Standard Errors kg" Score Percengages 6or
"Measure iensigh Using LTuier," Grade 4

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial Klinimal Incorrect Omit

Grade

All Students 1 .4 0.8 1 .0 0.5 1 .3 0.5

Males 2.2 1.2 1.4 0.5 2.0 0.8
Females 1.7 1.4 1.1 0.9 1.4 0.6

White 1 .7 1 .0 1 .2 0.7 1 .6 0.4
Black 2.0 2.3 2.0 1.3 2.7 1.5

Hispanic 2.7 1 .5 2.2 0.9 3.2 2.3
Asian/Pacific Islander 6.0 2.8 2.5 1.3 5.3 1.6

American Indian ***
r

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B3.6 Sgandard Errors ©r Score PerceMages goy
"Solve Packing Problems," Grade 4

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial Minimal Incorrect Omit

Grade

0.7 1.0 1.1 1.4 1.3 0.2All Students

Males 1.2 1.3 1.2 1.8 1.7 0.4
Females 0.9 1.3 1.6 1.7 1.8 0.2

White 0.9 1.3 1.5 1.9 1.8 0.3
Black 1.0 0.9 1.4 2.6 2.4 0.6

Hispanic 0.4 1.6 1.8 2.9 3.2 -

Asian /Pacific Islander 1.4 6.4 4.3 5.8 4.4
American Indian *** *** *** ***

*** Sample size is insufficient to permit a reliab e estimate.
- - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Table B3.7
Sgandard Errors ksr Some Percenkg,,,es (f®I
"Degermine Alusmber ©l Models," Grade 4

THE NATION'S
REPORT

CARD

Satisfactory Partial Minimal Incorrect Omit

Grade ,!3,

0.4 1 .0 1.0 1.7 0.4All Students

Males 0.5 1.3 1.3 2.0 0.7
Females 0.5 1.5 1.4 2.2 0.4

White 0.6 1.3 1.4 2.2 0.5
Black 0.6 1.2 1.7 2.5 1.0

Hispanic 0.4 1.5 2.0 2.3 1.1

Asian/Pacific Islander 2.6 4.4 5.0 6.0 1.9
American Indian *** *** ***

"*" Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B3.8
Skauvollard Errors cpc. Score Perceygrages
" egermine Number ofF Leaves," Grade 4

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade 4

0.6 0.8 0.9 0.3All Students

Males 0.9 0.9 1.1 0.4
Females 0.7 1.1 1.4 0.4

White 0.7 1.1 1.3 0.3

Black 1.0 0.9 1.8 1.1

Hispanic 0.8 0.8 1.4 0.8

Asian/Pacific Islander 3.2 3.3 4.9 3.0

American Indian
1

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table
Sfrand,,rd Errors r Sc re Percergages

"interpreg. Puffery') og Figures," Grade 4

THE NATION'S
REPORT

CARD

Satisfactory Partial Minimal Incorrect Omit

Grade

All Students 0.3 0.4 0.5 0.8 0.2

Males 0.4 0.6 0.7 1.2 0.3

Females 0.3 0.6 0.6 1.0 0.4

White 0.4 0.6 0.7 1.1 0.3

Black - -- 0.7 1.2 1.6 0.6
Hispanic 0.5 1.1 2.1 0.6

Asian/Pacific Islander 3.2 3.7 2.2

American Indian * ** ***

*** Sample size is insufficient to permit a reliable estimate.

- Standard errors could not be accurately determined.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table 13Tbii®
Sgunclagyd E-000'55 goo° Sgudeue Demographk

Diaribugons by ASSOSSWDOPDP, Grade 8, Y 996

THE NATION'S
REPORT

CARD

Percentage CO Students

Raiain Assessment

Theme Bloch 1

Building a Doghouse
Theme Block 2

Flooding

Grade

Gender
Males 0.8 1.0 1.2

Females 0.8 1 .0 1.2

Race/Ethnicity
White 0.2 0.7 0.6
Black 0.2 0.6 0.5

Hispanic 0.1 0.5 0.5
Asian/Pacific Islander 0.2 0.3 0.3

American Indian 0.2 0.3 0.3

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 0.4 0.7 1.1

Graduated From High School 0.8 1.2 1.1
Some Education After High School 0.7 1.0 1.0

Graduated From College 1.3 1.6 1.7
I Don't Know 0.6 0.7 0.7

Students who Attend...
Public Schools 1.1 1.9 1.9

Nonpublic Schools 1.1 1.9 1.9

Title I Participation...
Participated 1.6 1 .7 1.7

Did Not Participate 1.6 1.7 1.7

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 1.4 1.5 2.0
Not Eligible 2.4 2.5 2.8

Information Not Available 2.9 2.9 3.0

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table 13.1A'fl

Sgondord Errors ger Percenitoge SOudengs toy
Teachers' aeporgs on Cllossroom Procgices,

Grade 8, Y996

THE NATION'S
REPORT

CARD

Percentage cQ Students

Main Assessment

Theme Block 1

Building a Doghouse

Theme Block 2

Flooding

Grade

Students Whose Teachers Report
Asking Students to Write a Few
Sentences About How to Solve

a Mathematics Problem...
Nearly Every Day 1.1 1.1 1 .2

Once or Twice a Week 2.8 3.2 3.7

Once or Twice a Month 2.8 3.2 3.6

Never or Hardly Ever 3.3 3.4 3.6

Students Whose Teachers Report
Asking Students to Write Reports

or Do a Mathematics Project...
Nearly Every Day

Once or Twice a Week 1.1 1 .3 1.4

Once or Twice a Month 3.2 2.7 2.8

Never or Hardly Ever 3.3 2.5 2.8

- - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics AssesSment.
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Table

THE NATION'S
Sgandord Nruors 1 O7 Avemge Percen(>`® e Coned REPORT

CARDScores toy Memo Wade, Grade Y 996

Build a Doghouse Flooding

Grade

All Students 0.5 0.7

Gender
Males 0.6 0.8

Females 0.7 0.9

Race/Ethnicity
White 0.7 1.0
Black 0.8 0.5

Hispanic 0.8 0.8
Asian/Pacific Islander 2.5 2.8

American Indian ***

Students Whose Teachers Report Asking
Students to Write a Few Sentences

About How to Solve
a Mathematics Problem...

Nearly Every Day 3.1 3.0
Once or Twice a Week 1.6 2.4

Once or Twice a Month 1.1 1.3
Never or Hardly Ever 1.0 1.4

Students Whose Teachers Report Asking
Students to Write Reports or Do a

Mathematics Project...
Nearly Every Day * * * ** *

Once or Twice a Week 2.6 2.1
Once or Twice a Month 1.1 1.4

Never or Hardly Ever 0.9 1.0
1

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

11t
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Table CWT.
Sgron @Yard Errors gar Score Percengages gor

"fiderreigying Ageeded bhgarrnagon," Grade 8

THE NATION'S
REPORT

CARD

5 Correct 4 Correct 3 Correct 2 Correct 1 Correct 0 Correct Omit

Grade

1.5 1 .0 0.7 0.7 0.7 0.3 0.1All Students

Males 1.8 1.3 1.2 0.9 1.2 0.5 0.1

Females 2.1 1.5 0.9 0.9 0.8 0.2 0.1

White 1.9 1.1 0.8 0.7 0.7 0.4 -

Black 2.5 2.0 2.4 1.4 1.2 0.5 0.5
Hispanic 2.5 2.8 2.0 1.7 1.5 0.3

Asian/Pacific Islander 5.2 4.4 - - - 2.5
American Indian *** *** *** *** *** *** ***

*** Sample size is insufficient to permit a reliable estimate.
Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table DWV3
Sgandare Errors gar Percengages Correa for
"fidengying Needed fingormagiorp," Grade 8

THE NATION'S
REPORT

CARD

Ila -Yes lb -Yes lc - Pio Id - Yes le -Yes
Grade

0.9 0.9 1.2 1.0 1.2All Students

Males 1.6 1.3 1.5 1.6 1.6

Females 0.9 1.1 1.6 0.9 1.3

White 1.1 1.1 1.7 1.2 1.5

Black 2.2 1.9 1.9 2.4 2.5

Hispanic 1 .8 1.6 3.0 2.6 2.7
Asian/Pacific Islander 3.1 4.1 4.5 4.1

American Indian *** ***
1

*** Sample size is insufficient to permit a reliable estimate.
Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table

THE NATION'S
Skondard Nrrers gar Percengage Carved' klig° REPORT

CARDF-3Tjg "Degerunine Minimum Measuring Xeeded," Grade 8

Percentage Correct

Grade

All Students 1.3

Males 1.3
Females 2.2

White 1.6
Black 2.6

Hispanic 2.4
Asian/Pacific Islander 7.4

American Indian ***

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
OMathematics Assessment.

Table D,T,Ag
SUandard Nrrars gar Scam Percen9ages gar
"Measure lensfihs Using &der," Grade 83

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

All Students 1.5 1.2 1.2 1.3

Males 1.8 1.4 1.5 1.2
Females 2.0 1.7 1.6 1.6

White 1.8 1.5 1.4 1.4
Black 2.4 3.1 4.1 2.7

Hispanic 3.0 3.0 2.9 1.5
Asian/Pacific Islander 7.3 5.8 8.5

American Indian *** ***

"** Sample size is insufficient to permit a reliable estimate.
- - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table
Scondard ffrrors l©D Score Percengages ger

"iiipplly Conce0 of L2agio," Grade 8

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

All Students 1.1 1.2 1.5 1.1

Males 1.4 1.5 1.7 1.1

Females 1.2 1.5 2.0 1.7

White 1.4 1.5 1.8 1.4

Black 0.9 1.1 2.8 3.3
Hispanic 1.9 1.7 3.1 2.5

Asian/Pacific Islander 4.8 6.6 7.2 4.5
American Indian

i

**" Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table D.TJIE3
Sgandard Errors goo- Perceueoge C©r Corr

"Undersgand Concept? og Rogio (II)," Grade 8

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 1.3

Males 1.9

Females 1.3

White 1.6

Black 2.3
Hispanic 3.1

Asian/Pacific Islander 9.0
American Indian ***

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table atAD
Sgancllard Errors ff©t Percengage Correa gar

"Unclersguncl Conce0 ®i 2cogio (1111)," Gm& 8

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 1.2

Males 1.7
Females 1.7

White 1.4
Black 2.4

Hispanic 2.8
Asian/Pacific Islander 8.2

American Indian ** *

*** Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table B3.20
S9concIarci r©o 7 ©p Score Percenguses

"Correa fly Posigion Door," Grade 8

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

All Students 1.3 1.2 1.3 0.8

Males 2.0 1.8 2.0 1.3
Females 1.7 1.4 1.6 0.9

White 1.8 1.4 1.7 0.9
Black 1.1 2.9 2.7 2.7

Hispanic 1.9 3.3 3.2 2.4
Asian/Pacific Islander 4.5 8.3 6.6 , 6.8

American Indian * * *

1

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table
Standard Errors 1 ©r Score Percentages fF©r

"Visuollize Cut.-Outs on Grid," Gracie

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade

1.5 0.6 1.4 0.8All Students

Males 1.7 0.9 1.5 1.1

Females 2.1 1.2 2.1 1.1

White 1.9 0.8 1.7 0.8
Black 2.2 0.8 2.3 2.6

Hispanic 2.6 1 .3 2.7 3.0
Asian/Pacific Islander 8.6 5.0 6.4 4.8

American Indian ***

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table B3.242 Standard Errors ror Score Percentages i?©r
"Applly GODUVVery snn Moclei," Gracie 8

THE NATION'S
REPORT

CARD

Satisfactory Partial ilinimal Incorrect Omit

Grade

All Students 0.5 0.7 0.8 1.1 1.6

Males 0.4 1.0 1.3 2.1 2.3
Females 0.8 0.9 1.2 1.6 1 .5

White 0.7 1.0 1.1 1.2 2.0
Black 1.4 3.4 3.1

Hispanic 1.1 2.0 3.8 3.5
Asian/Pacific Islander *** *** ***

American Indian *** *** *** *** ***

*** Sample size is insufficient to permit a reliable es imate.

- - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B3.243
Sgandard on- Scam Percengages goy

"Find Mauzinvann Area When Feu-imager is
Grade 8

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial klinimal Incorrect Omit

Grade

0.1 0.0 1.2 0.6 1.7 1.3All Students

Males 0.1 - 1.8 1.0 1.7 1.7
Females 0.2 0.1 1.5 0.4 2.2 2.0

White 0.1 - - 1.5 0.8 1.9 1.4
Black - -- - - - 1.7 0.9 3.3 3.1

Hispanic 2.6 1.0 3.2 4.0
Asian/Pacific Islander *** ***

American Indian *** *** *** *** *** ***
L

Sample size is insufficient to permit a reliable estimate.

Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B3.24 Sgarndard Errors gar S9udeng. Demographic
Disgribafiions by Assessmeng; Grade Y2, 9%

THE NATION'S
REPORT

CARD

Percentage Students

Main Assessment

Theme Block 1

Buying a Car

Theme Block 2

Flooding

Grade 1123

Gender
Males 0.9 1 .4 1 .3

Females 0.9 1 .4 1 .3

Race/Ethnicity
White 0.5 0.8 0.8
Black 0.4 0.6 0.6

Hispanic 0.4 0.6 0.6
Asian/Pacific Islander 0.4 0.3 0.4

American Indian 0.6 0.2 0.2

Students who Reported Their
Parents' Highest Level of

Education as...
Did Not Finish High School 0.5 0.8 0.6

Graduated From High School 0.8 1.6 1.3
Some Education After High School 0.8 1.1 1.3.

Graduated From College 1 .5 1.8 1.8
I Don't Know 0.2 0.5 0.5

Students who Attend...
Public Schools 1 .6 1 .9 2.0

Nonpublic Schools 1 .5 1 .9 2.0

Title I Participation...
Participated 0.6 0.8 0.8

Did Not Participate 0.6 0.8 0.8

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 1.3 1 .2 1.1

Not Eligible 3.7 3.5 3.7
Information Not Available 3.8 3.5 3.6

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B3.25

THE NATION'S

Sgandard Errom Cog- Pancengroge Studer/Os by
RECORD

Lp©e on Cflcsr©u Prodicess, Grads 112, 11996 *

Percentage Students

ffiain Assessment Buying a Car Flooding

Grade '11

Students who Report Writing
a Few Sentences About How to
Solve a Mathematics Problem...

Nearly Every Day 0.4 0.7 0.7
Once or Twice a Week 0.5 0.8 0.9

Once or Twice a Month 0.6 1.4 0.9
Never or Hardly Ever 0.8 1.6 1.6

Students who Report Writing
Reports or Doing a

Mathematics Project...
Nearly Every Day 0.2

Once or Twice a Week 0.3 0.5 0.5
Once or Twice a Month 1 .0 1 .6 1.1

Never or Hardly Ever 1 .0 1.8 1.3

* Teachers of twelfth-grade students were not surveyed in the Main Assessment.

- - - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table DMt3

THE NATION'S

Sgandarcl Errors gar Average Percengage Careen? REPORT
CARDStorms Cry Magna OfiCCIC, Grade 12, E296

Buying a Car Flooding

Grade 'fl

All Students 1.1 0.8

Gender
Males 1.4 1.1

Females 1.2 1.1

Race/Ethnicity
White 1.3 1.0
Black 1.3 1.1

Hispanic 2.1 1.9
Asian/Pacific Islander 3.8 3.3

American Indian

Students Whose Teachers Ask Them
to Write a Few Sentences

About How to Solve
a Mathematics Problem...

Nearly Every Day 4.4 1.9
Once or Twice a Week 2.3 1.8
Once or Twice a Month 2.1 1.5

Never or Hardly Ever 1.1 1.1

Students Whose Teachers Ask Them
to Write Reports or

Do a Mathematics Project...
Nearly Every Day *** ***

Once or Twice a Week 2.9 2.7
Once or Twice a Month 2.0 1.4

Never or Hardly Ever 1 .4 1.0

*** Sample size is insufficient to permit a reliable e timate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table E3g)g7
Sftsndord Nrrors goo. Perceng'age Correa gar

"Find ANDOIDffin? off Down Payoneng.," Grade 112

THE NATION'S
REPORT RgiA,:i

CARD

Percentage Correct

Grade

All Students 1.1

Males 1.6
Females 1.6

White 1.0
Black 3.1

Hispanic 3.3
Asian/Pacific Islander 4.1

American Indian ***

*** Sample size is insufficient to permit a reliable e timate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table B3.28
Sgandord &Tan gOT ParCanikna Correa gor

"Find Togo§ ANDOWS Paid gar Car," Grade it 2

THE NATION'S
REPORT

CARD

Percentage Correct

Grade U2

All Students 1.1

Males 1.5
Females 1.2

White 1.2

Black 3.4
Hispanic 3.8

Asian/Pacific Islander 4.5
American Indian ***

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B3.29

Sk]ndard NETerS gar Percenftge Correa
goo "Find Difference L3ePW00112 Yoke
AnDoconti. Paid and Price," Grade Y2

Percentage Correct

Grade 1j

All Students 1.2

Males 1.9

Females 1.4

White 1.3

Black 3.6
Hispanic 3.1

Asian/Pacific Islander 4.1

American Indian ***

*"* Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table B3.30
Sgandard Nrrars gar Scare Perceng.ages gar
"Find Amoung. To lc Financed," Grade D2

THE NATION'S
REPORT

CARD

Complete Partial Incorrect Omit

Grade 'U

1.4 1.5 1.4 0.6All Students

Males 2.0 1.8 1.7 1.2

Females 1.6 1.8 1.6 0.6

White 1.7 1.6 1.8 0.6
Black 2.5 3.2 2.9 2.2

Hispanic 3.8 3.5 3.3 2.0
Asian/Pacific Islander 5.9 5.1 3.5 3.2

American Indian ***

**" Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B3.3
Sgandard ffroors km- Scam Peevenftges 6or

"Use F000nula ?© Find Fogall Cosg'," Goode V2

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial Pi animal Incorrect Omit

Grade 112

All Students 0.9 1.1 0.9 0.8 1.5 0.8

Males 1.0 1.1 1.0 1.2 1.9 1.2
Females 1.2 1.6 1.2 1.1 2.0 1.1

White 1.2 1.4 1.2 1.0 1.9 1.0
Black 0.8 0.9 1.3 1.9 2.9 2.0

Hispanic 1.6 2.7 1.2 2.8 4.0 1.9
Asian/Pacific Islander 3.9 4.1 2.5 2.3 5.8 2.9

American Indian

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Zan echo Erron (fo Scam Peocengages
"Find Amoung. Saved 116 Leased," Onsde 112

THE NATION'S
REPORT

CARD

Satisfactory Partial Riiinimal Incorrect Omit

Grade U

All Students 1.6 1.0 1.3 1.3 0.5

Males 2.0 1.6 1.5 1.9 0.9
Females 1.9 1.6 1.9 1.7 0.7

White 1.8 1.2 1.5 1.3 0.6
Black 1.7 2.6 4.2 3.3 2.6

Hispanic 3.7 3.2 3.6 3.9 2.2
Asian/Pacific Islander 4.3 3.9 4.9 7.1 0.8

American Indian ***

*** Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B3.33
Sgandard Nrrors 1©ir Score Percengoges goo.

"Price Lease vs. sty," Goads 112

THE NATION'S
REPORT

CARD

Satisfactory Partial Miami Incorrect Omit

Grade

1.5 0.4 0.9 1.7 0.9All Students

Males 1.9 0.7 1.4 2.7 1.1

Females 1.7 0.4 1.4 1.9 1.2

White 1.8 0.6 1.1 1.9 0.9

Black 1.4 -- 1.8 4.1 4.0

Hispanic 2.8 1.3 3.9 2.7

Asian/Pacific Islander 4.2 1.5 4.8 7.0 1.1

American Indian

1

*** Sample size is insufficient to permit a reliable estimate.

- Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
59allidard Errars ©r Skodeng. Denvogracthhk

Diskibugions, Grade 8, 996

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study
Mot Eligible for

Advanced Study

Grade

Gender
Males 1.2 0.9

Females 1 .2 0.9

Students who Indicated Their
Race/Ethnicity as...

White 2.6 0.7
Black 2.7 0.5

Hispanic 0.9 0.4
Asian/Pacific Islander 0.8 0.5

American Indian 0.8 . 0.5

Students who Reported Their
Parents' Highest Level

of Education as...
Did Not Finish High School 0.4 0.5

Graduated From High School 1 .2 0.8
Some Education After High School 1.0 0.7

Graduated From College 1 .6 1.2
I Don't Know 0.5 0.8

Home Environment Contains...
0-2 types of educational materials 1.1 0.7

3 types of educational materials 1.2 1.0
4 types of educational materials 1.4 1.0

Students From...

Northeast 3.8 1.4
Southeast 2.2 1.8

Central 4.0 1 .7
West 2.7 1.7

Students Live in...

Center City 4.2 2.8
Urban Fringe/Small City 4.6 3.1

Rural 3.8 3.2

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table
Sganciard Errors &g- Stdere/Schooll

Demographic Disgritougions, erode 8, 1 996

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study

Not Eligible for

Advanced Study

Grade

Students who Attend...
Public Schools 2.3 1.0

Nonpublic Schools 2.3 1.0

Title I Participation...

Participated 0.8 1 .9

Did Not Participate 0.8 1.9

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 2.0 1.6

Not Eligible 3.3 2.3

Information Not Available 3.4 2.8

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4.3
Skindaod E MOM koo ConfteD9 Nmphasez ow

Maghounagcs, Grads Y99

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

Mane A Little Some A Lot
Grade

In This Mathematics Class
How Often Do
You Address...

Numbers and Operations

Advanced Study 1.8 3.7 3.7
Non-Eligibles 0.5 1.8 1.9

Measurement
Advanced Study 1.6 4.0 4.5 2.5

Non-Eligibles 0.3 2.7 3.7 3.1

Geometry
Advanced Study 3.1 3.3 3.6 2.8

Non-Eligibles 0.7 3.2 3.4 3.0
Data Analysis,

Statistics, and Probability
Advanced Study 3.1 4.9 5.0 2.7

Non-Eligibles 1 .4 3.4 3.5 2.5
Algebra and Functions

Advanced Study 0.5 2.2 2.2
Non-Eligibles 0.4 1.4 3.5 3.8

- - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B4.4
59indar Err©r kgr Process Inv phases

atheenceics, Gr Y996
IA;

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

None A Little Some A Lot

Grade

In This Mathematics Class
How Often Do
You Address...

Learning Mathematical
Facts and Concepts

Advanced Study 1.4 2.5 2.3 3.8
Non-Eligibles 0.0 1.9 2.6 3.0

Learning Skills and
Procedures Needed to

Solve Routine Problems

Advanced Study 1.6 2.2 2.7
Non-Eligibles 0.3 2.5 2.5

Developing Reasoning and
Analytical Ability to Solve

Unique Problems

Advanced Study 1.7 3.8 4.4
Non-Eligibles 0.3 2.0 3.5 3.4

Learning How to
Communicate Ideas in

Mathematics Effectively

Advanced Study 2.9 3.1 4.6
Non-Eligibles 0.2 2.3 3.3 3.2

- - - Standard errors could not be accurately determined.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
Sgandard Errors Cllcfl© Emphases

nw Meghemagics, Grade , 1 996

THE NATION'S
REPORT

CARD

Percentage Students Whose Teachers Responded

Yes No

Grade

Do You Permit Students in This Class
Unrestricted Use of Calculators...

Advanced Study 5.2 5.2
Non-Eligibles 3.2 3.2

Do You Permit Students in This Class
to Use Calculators for Tests...

Advanced Study 3.3 3.3
Non-Eligibles 2.8 2.8

Do Students in This Class
Have Access to Calculators

Owned by the School...
Advanced Study 3.6 3.6

Non-Eligibles 3.2 3.2

Do You Provide Instruction to
Students in This Class in the

Use of Calculators...
Advanced Study 3.8 3.8

Non-Eligibles 2.7 2.7

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.

Table B4.6

THE NATION'S

Sganda7d &TOTS gar Avera e Mathematics Scale REPORT

Scares by Elligibiligy ACIVOMICOC11 Study, Grade 8 CARD

Grade

Average Scale Score

1.1All Students

Eligible 2.0
Not Eligible 1.0

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4.8
Sgandard Errors F©u Average Percengage

Correct Scores, Advanced Situdy, Grade 8, 1 996

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students 1.1

Males 1.3
Females 1.1

White 0.9
Black 2.3

Hispanic 2.1
Asian/Pacific Islander 1.7

American Indian ***

*'' Sample size is insufficient to permit a reliable estimate.
SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Sg.arridard Errors r Score Perceregages gall'
"Car Wash Su Bies," Gr

correct Partial incorrect Omit

Grade

All Students 1.2 1.8 1.7 1.3

Males 1.6 2.1 1.9 1.4
Females 1.2 2.0 2.1 1.6

White 1.4 1.9 2.0 1.7
Black 1.2! 3.3! 3.9! 1.9!

Hispanic 2.7 3.6 4.0 3.4
Asian/Pacific Islander 3.2 4.4 3.9 3.7

American Indian

1

*** Sample size is insufficient to permit a reliable estimate.
I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

26

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



Table B4.
S9andard Nrrors gar Scare Perceugages kag'

"Os& Po EOM PrafiP," Grade 3

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade

All Students 1.6 1.3 1.8 1.5

Males 2.0 1.8 2.2 1.5
Females 1.6 1.2 2.1 1.9

White 1.8 1.5 2.1 1.8
Black 2.3! 0.9! 1.8! 2.3!

Hispanic 3.5 2.6 4.8 3.2
Asian/Pacific Islander 3.9 2.8 4.3 3.4

American Indian
1

*** Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

. Mathematics Assessment.

268

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics 1:134S



Table B4.
Skondard Errors kg. Score Percenksges 6or

"Grecasz9 Profig. Elgoecged," Grade 8

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade

All Students 1.9 0.7 1.8 2.1

Males 2.2 0.9 2.4 2.4
Females 2.2 0.8 1.9 2.2

White 2.0 0.8 2.4 2.5
Black 3.1! 0.7! 2.1! 3.6!

Hispanic 3.2 1.3 3.4 4.0
Asian/Pacific Islander 5.9 1.4 6.1 4.2

American Indian *** ***
1

*** Sample size is insufficient to permit a reliable estimate.
l Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B4.
Sgandard Errors gar SCOra Percengzoges ©r

"NW Air Dallicon," Grade 8

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade

All Students 1 .3 1 .2 1 .6 1 .3

Males 1.7 1.1 2.0 1.6

Females 1 .3 1 .6 2.0 1 .3

White 1.6 1.2 1.9 1.3

Black 0.9! 1.7! 2.8! 3.5!
Hispanic 3.2 1 .4 2.9 3.2

Asian/Pacific Islander 5.0 4.2 5.6 3.6
American Indian

i_
*** Sample size is insufficient to permit a reliable estimate.

! Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4. 13
Sgandard Errors ago- ShsdeeD9

Demographic Ustribuigans, Grade V2, D 9%

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study

Mot Eligible for

Advanced Study

Grade 1j

Gender
Males 1.8 0.9

Females 1.8 0.9

Students who Indicated Their
Race/Ethnicity as...

White 2.2 0.9
Black 1.0 0.6

Hispanic 1.5 0.5
Asian/Pacific Islander 1.6 0.6

American Indian 0.1 1.0

Students who Reported Their
Parents' Highest Level

of Education as...
Did Not Finish High School 0.7 0.6

Graduated From High School 1.0 0.9
Some Education After High School 1.1 0.9

Graduated From College 1.7 1.6
I Don't Know 0.3 0.3

Home Environment Contains...
0-2 types of educational materials 1.0 0.9

3 types of educational materials 1.0 0.8
4 types of educational materials 1.3 1.2

Students From...

Northeast 3.8 1.4
Southeast 3.4 2.3

Central 2.9 1.7
West 3.0 2.6

Students Live in...
Center City 4.3 3.9

Urban Fringe/Small City 4.9 3.9
Rural 4.1 3.0

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4.
59andard Nrrers gar Zudeng/Schoo0

Demographic Diaribesgions, Gras V 2, V996

THE NATION'S
REPORT

CARD

Percentage Students

Advanced Study

Mot Eligible for

Advanced Study

Grade

Students who Attend...
Public Schools 3.6 1.2

Nonpublic Schools 3.6 1 .2

Title I Participation...
Participated 1.0 0.7

Did Not Participate 1.0 0.7

Free/Reduced-Price Lunch
Program Eligibility...

Eligible 1.4 1 .5

Not Eligible 4.5 3.6

Information Not Available 4.7 3.6

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table
Zandard Erg-ars ,c)o. CongenP Emphases in Classes

Taken by Advanced Sgudy Si ?Eiden%
Grade 112, 11996

THE NATION'S
REPORT

CARD

Percentage Students Receiving

Little
Emphasis

dVioderate

Emphasis

Heavy

Emphasis

Grade

How Much Emphasis on...

Algebra 1.3 3.6 3.3

Geometry 2.1 4.1 3.6

Trigonometry 1.4 2.8 2.7

Functions 0.8 2.1 2.1

Statistics 2.9 2.7 1.9

Probability 2.4 2.6 2.1

Discrete Mathematics 3.2 3.1 1 .4

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B4.

Sgandard Nrrers I©U Process Noncobases lln Masses
Taken by Advanced Sgudy Sgtodengs,

&rade V2, (1996

Percentage Students Receiving

Little
Emphasis

Rioderate

Emphasis

Heavy

Emphasis

Grade

How Much Emphasis on...

Learning Mathematical
Facts and Concepts 0.9 3.3 3.3

Learning Skills and Procedures
Needed to Solve Routine Problems 0.4 3.1 3.2

Developing Reasoning and
Analytical Ability to Solve

Unique Problems 1.0 2.9 3.1

Learning How to Communicate
Ideas in Mathematics Effectively 1 .9 3.7 3.5

SOURCE: National Center for Education Statis ics, National Assessmen of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table CY3tAY

Sgmndcm.d ü© kw Ca llculla Access in Cllasses
Fcaicen by Adm,nced Study Students,

Grade 2, Y996

THE NATION'S
REPORT

CARD

Percentage of Students

Grade

Do You Permit Students in This Class
Unrestricted Use of Calculators...

Yes

No

Do Students in This Class
Have Access to Scientific Calculators

in Class...
Yes

No

Do Students in This Class
Have Access to Scientific Calculators

Out of Class...
Yes

No

Do Students in This Class
Have Access to Graphing Calculators

in Class...
Yes

No

Do Students in This Class
Have Access to Graphing Calculators

Out of Class...
Yes

No

Do You Permit Students in This Class
the Use of Calculators on Tests...

.Yes All

Yes Some

No

2.4
2.4

2.8
2.8

2.6
2.6

3.0
3.0

3.4
3.4

3.3
3.3
0.1

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table B4.
S rt.*,

THE NATION'Suniard Errors gar &Auk loll. Usage and II©U REPORT

Cllasses Taken cosy Advanced S dy SgTsciengs, CARD

Grade V2, V9%

Percentage of Students

Grade

In This Class Students are
Provided Instruction in the Use of

Scientific Calculators...
Yes

No

In This Class Students are
Provided Instruction in the Use of

Graphing Calculators...
Yes

No

Which of the Following Best Describes
the Availability of Graphing Calculators
in This Class...

One
Less than Six

Complete Set
Some Students Have One
Most Students Have One

All Students Have One
No Student Has One

If Graphing Calculators are Used
in This Class, What is Their
Primary Usage...

Calculating
Graphing

Tables

Statistics

Symbolic Manipulation
Not Used

3.0
3.0

2.6
2.6

0.8
1.0
4.0

1.9
2.3
3.5

.1.7

1.8

3.0
0.2
0.5
1 .4

2.8

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4.

THE NATION'S

Sgandard UT©D goo Average Agagheona Vacs &age RITE
Scores by Elligib ©r Advanced Sgudy, Grade Y2

Average Scale Score

Grade

All Students

Eligible
Not Eligible

1.0

1.6
0.9

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

Table
SPandard Errors gar Average Percenguge

Correa Scores, AdV00903Cll Rudy, Grade 112, Y996

THE NATION'S
REPORT

CARD

Percentage Correct

Grade

All Students

Males
Females

White
Black

Hispanic
Asian/Pacific Islander

American Indian

Are Students Presently Enrolled
in Mathematics...

Yes

No

Are Students Presently Enrolled in or
Have They Previously Taken an

Advanced Placement (AP)
Mathematics Course...

Yes

No

0.4

1.0
0.9

0.8
1.6
1 .4

2.2
***

0.8
1.4

0.9

' Sample size is insufficient to permit a reliable estimate.

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.

2 7 7

Estimation Skills, Mathematics-in-Context, and Advanced Skills in Mathematics



Table 84.242
Sgandard LDT©r kr &©U Percengages kr "Use

Linear FINDCgion," Grade Y2

THE NATION'S
REPORT

CARD

Correct Partial Incorrect Omit

Grade 'il

All Students 1.1 0.6 1.2 1.3

Males 1.3 0.9 1.5 1.6

Females 1.3 0.9 1.7 1.4

White 1.2 0.7 1.4 1.3

Black 1.2 1.7 3.3 3.4
Hispanic 2.4! 1.7! 3.5! 3.2!

Asian/Pacific Islander 4.2 1.7 4.0 2.6
American Indian ***

Are Students Presently
Enrolled in Mathematics...

Yes 1.1 0.7 1.2 1.3

No 3.2! --- 5.6! 5.2!

Are Students Presently
Enrolled in or Have

They Previously Taken an
Advanced Placement (AP) .

Mathematics Course...
Yes 1.9 0.9 1.6 1.6
No 1.4 0.9 1.7 1.7

i

*** Sample size is insufficient to permit a reliable estimate.

- - Standard errors could not be accurately determined.

! Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table B4.
Standard Errors g,,,r Score Cosner) es gar

"Compare Vokounes Pyrounids,"Grade D2

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial PAinimal Incorrect Omit

Grade '0'

All Students 0.5 0.5 0.7 0.9 1.2 1.2

Males 0.7 0.8 0.8 1.1 1.5 1.7
Females 0.6 0.7 0.7 1.1 1.8 1.3

White 0.5 0.6 0.8 1.2 1.3 1.2
Black - -- 0.6 1.5 5.4 5.2

Hispanic 1.2! 0.7! 0.5! 1.5! 5.1! 4.5!
Asian/Pacific Islander 1.9 1.7 2.0 1.6 2.5 2.4

American Indian ***

Are Students Presently
Enrolled in Mathematics...

Yes 0.5 0.5 0.7 0.9 1.3 1.2
No 1.1! - -- 0.4! 4.4! 5.9! 5.1!

Are Students Presently
Enrolled in or Have

They Previously Taken an
Advanced Placement (AP)

Mathematics Course...
Yes 1.1 0.9 0.9 1.3 1.7 1.3
No 0.5 0.6 0.9 1.2 1.6 1.7

i

*** Sample size is insufficient to permit a reliable estimate.
- - - Standard errors could not be accurately determined.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996
Mathematics Assessment.
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Table
Percengose Correa gor "Find 2esasfi17 an9 Veda*"

Grade F2

THE NATION'S
REPORT

CARD

Percentage of Students

Grade

All Students

Males
Females

White
Black

Hispanic
Asian/Pacific Islander

American Indian

Are Students Presently
Enrolled in Mathematics...

Yes

No

Are Students Presently Enrolled in or
Have They Previously Taken an

Advanced Placement (AP)
Mathematics Course...

Yes

No

1.0

1.5

1.3

1.1

4.1

3.3!
3.1
***

1.0
4.2

1.7
1.2

*** Sample size is insufficient to permit a reliable estimate.

I Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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Table 84.25
SPandard Nrrors gar &CM Percengages gor

"Ferris Wheell," Off-ade 112

THE NATION'S
REPORT

CARD

Extended Satisfactory Partial ilflinimal Incorrect Omit

Grade 'U

All Students 1.5 0.1 0.9 0.8 1.2 0.9

Males 1.9 0.3 1.1 1.1 1.3 1.1

Females 1.7 - - - 1.3 1.1 1.6 1.0

White 1.6 0.2 1.1 0.9 1.4 0.8
Black 2.9 - -- 2.8 2.3 2.8 4.3

Hispanic 4.1! 1.7! 2.0! 2.7! 3.1!
Asian/Pacific Islander 3.2 - - - 2.4 2.2 2.7 2.3

American Indian *** ***

Are Students Presently
Enrolled in Mathematics...

Yes 1.5 0.1 0.9 0.8 1.2 1.0
No 4.2! - -- 3.7! 4.3! 4.0! 3.3!

Are Students Presently
Enrolled in or Have

They Previously Taken an
Advanced Placement (AP)

Mathematics Course...
Yes 1.7 -- 1.4 1.0 1.1 1.1

No 2.1 0.2 1.1 1.2 1.6 1.1

1

*** Sample size is insufficient to permit a reliable estimate.

- -- Standard errors could not be accurately determined.
l Statistical tests involving this value should be interpreted with caution. Standard error estimates may not be accurately

determined and/or the sampling distribution of the statistics does not match statistical test assumptions (see Appendix A).

SOURCE: National Center for Education Statistics, National Assessment of Educational Progress (NAEP) 1996

Mathematics Assessment.
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